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------------- U.S.ZDeparime,^» ;Ene,b; by Westinghouse Hanford Company in December 1992, and

--- - ---- -- - -- -- - -- Qi1ARTE_u?.Gvar,Rfi n^!_ FERROeYA1vI1'iE 5Ar'>vi'Y YxUGRAiv1

T'^i^ F"r,RIfii ravLluvG .iik;i'r:fvii's'r.:ii 31, 19J3

J. E. .*.:.c.ham
R. J. Cash

G. T. Dukelow

F.xFi-rrrrvF..crrn,rn,reuV

ltis=is the- eleve*±h Y,:rter,t; !eporton theprogress ofacttvities arldressing safery issues

• - •--^ - -_ ^ ♦ riinnian • ••[SSOcsî t1fiT^attt^i^ri.oid ite-t&kh-P.=•-.FD-Oi- .-F.___:.._ve waste tanks that cohtatn /errocyamdg

compour.ds. - In-the presence-of oXidiztng-materia.t..^, rh nitrates or nitrites, ferrocyanide

can be made to explode in the laboratory by heating to high temperatures [above 28.5 °C

s545-°Fii.-- in the-ruc_-f95^. ^pproXt ^atel,'_1 -' n',striclow vf£errozvnnide were-added in

-- -- ----------- --- -waste-nSlw sto,ro41 in Uq4lorbornUqd high-level ra..di.^.aCnVe waste Iat11CS.

..._. -p d`n Tc
. ....._ _ •_ _ rr-

usts rs^^%__ -:----^n-rinpt^irier>gauoi< zr respottdthg?a the- e nse- Nuc nar Fuei ities SaJery

Board Recommendation 90-7 (FR 1990) was issued in March 1991 describing the activities

• --.•„at-^re-,^lanne andu rw^-t.oaddress each o the s;r aarts of Recommendation 907.

---°A° J'e'JIsitJn-fiiihc i'ifT^inisi piisrr-TDiri^i^enir-ei-ai. 1992) was iraiiuiiiiiied iti Irte

subsequently to the Defense Nuclear Facilities Safety Board in 1993. The implementation

plan was updated and revised this quarter and re-releasedas the ferrocyanide safery program

_plan (Borsheirrket al.r 1993a).- The programplan still addresses the si.c parts Of

Recommendation 990°7,'-however, it also includes all work in the . ^rrin Ju^ruue ciafe^

Program. This quarterly report is reported against the new program plan.
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- Milestones completed this quarter include (1) an update of the ferrocyanide program plan;

(2) a draft safety criteria document that provides the technical basis for closure qf the

- • . 7;^_ ^ n_r ^. n_ [OA1,_ 91 1' P , , , ,
1 e rw^fzTiiue r„^r^ihezvz^z sutezy ^u^S^Y°(2^^Ii ^^7 uppncailanol an-tntDrUVeii RC(1L

l
oa
d

model on ferrocyanide tank 241-BY-104; (4) public release of a report on heat loads for six

Ier^y^^id^ ar:ti. 3 ^Mporr ca'rrus,,risro^iiPatlt7aus itt^rll=ttu±^^Ptacyanide tatucs using

rank dnm cp^e tvmnvranarvmeacurrrr^n_).c; (6) a letter rennrr _xamining t1SerJ in.4=-^ ^ev-_ ^. -

----- ---- ---- ------fen'ocyanfde-tanks forpossible-liquid observa.tion well insertion and assessing the effects of

li id t .o- n .,...,r..., x,_C^F1_ iv.rE. v,ssaiT.: material fln „c FY J ,""' ° w,v.. ^rv^^c ^er ormance' and (7) a niathetndtical

evaluation, by Fausice and Associates, Inc., of waste dry out by theoretical hot spots.

A dra^t--rKporrdefining criteriafar safesmrage-offerrocyanide waste in HatVord Site tanlcs

.
- - - =-was.. ,tt =trr t<.e • -q..•^:. ^^'

.cn.".;- q-- • (p^°.,ttna et aL, 1993) . The^ u...." .,,

-report;-Ferrocyanide Safeiv Program: Safea Crj(eria for Ferrocvanide Watch List Tanks

off^Yfl^ EY 91),pr^v.4JE.s ttte-^°c>'inb'cat st.c^nrsir. :r_ v^j tie Fei,ocyanide unreviewed

safety question and represents a key step in meeting Safety Initiative 2s, closure of the

Ferrocyanide Unreviewed Safety Question by January 31, 1994.

An improved heat load model was used to reexamine the heat load in the ferrocyanide Tank

241-B_Y-1Q4_A-rep9n descrihing- th.e new model and thv_. analysis of 241 BY 104 was

->*elez$,t-ti3ls uuuiiii u% siiy Va7lIdC JQTECV I^ro^PQrn' Undated "1"n rmalllnalYSis Model for

FP,rr - ' e Ta.n.ks-N^itlt App^a-toTartk-241-BYI -kV.Y^EI'-w.<9 Iir"w'-.u"ren : 993a).

1 he integrtued heat load; for all the fe:rocyarude tanks were calculated this quprlv iming

domespacelemperaturemensurpJtnenrs(Croweet a1-,-1993). --T.ke-report, Eytimati.^.n o Heat
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jQa tjh_jV4Stefii^.nizc iisino AveraQe vayor " ace Temperatures , WIIC-EP-0708, was

Dubliely released: - Meat 3oads-calcuiated jronr tank dome space-teniperaiures- correlaied

£lose^^ uri^H bthwr moth^d ^nrc dbrigiy used to deterniine selected iteat loads.

r;"=dtttuqua^i.t?? ot37eet13E5 ^CGfine^t, F$r @°lanidP- Progratn; nata Ran:sire»lentS for

. ,
the Ferrocvanide Jatetv issue Devetopea Through the Data vua uy- iecnves awv^

Procesr WfIC=EP-072g (Buck et al., I»^j. was publicly released this quarter. The repon

•- • - - - - cores re
: -

to
, .

--------- ---- pr^r?des ^-Stas^sllcat-bas^s-fl3r-ihe-number-of-y^lAred characterize erroCyanl tank

waste. The report concluded that two cores taken from representative areas of the tank are

SuitTCt•en^A7aeternune iuei aru.t riwisiure cGncenlr4ui0nU.

Aletter-reDort was completed this quarter as part of in situ moisture monitoring technology

, .... ,,,. ,,.,.^, _-- -- ----- --7'iEVei3pment-f.i3,l(er--tY3t,J^--- rQ examined -nSerSin- errot^'ariuc su,uu,trui NoSSl E

- liquid observation- well in-sgrtion st.nst assessed-she effects ofpotential lfqufd observation well

?7?a?e!Z/1#S-^!3=f^^!r^^rs^P^¢Jf^u"^Cs^s^$; ^^,Shem^torist73vde1€d,G1^3er'tti^tmrt attil 7i^Coniuiu

displayed the best sensitivity for moisture monitoring.

Preliminary datafrom core _camples obtained from Tank 241-T-107 were received this

-- -- ----- ---- - r}a;arter,^1t>rn^ of the segments conrr^ining- sludge exhibited e,:othernuc ti.ry during
O

di^rential ^anning ralnrir,prry_analvsis.-Total cXanide r.oncentrntions in-th.e samnles were

very low; the maximum concentratirzn found fnrany of the segments was 106 ug/g. Moisture

--------------.------.-rvmromr,stinnrirrthn-^rso-.cio-s-ranger^^5e[`wten 17and o`v" wt%.. . . w .,. o...

Aiicnmtinn/d_ecnmtinn tests at Nuclear Consulting Services Inc. on In Fann simulant

indicated thatlhe sludge still retains substantial free water when exposed to relative



_11^l̂
v

.
a.u v

!' FiVJI
1
a

I
%a
1 aa

--- i;umr^iities-of 3(^, 3^; 7i}aitr^^}per^eru-i?n).---Phe-simulantretained 4.1-wtio, 1v0.6 wi%,

-_ _ ._._ .___ ...^ _
nn -fnv rnrwnnli(.nh - '•^• ^ • -3^.3 wt^; finu-69:4 wt" ^'rcc ^r^wcf, fwpcc^frc^j, at equtltbnum for these relative

htuniditaes. .T- his i^ in addidon-to the --$.8 wt%- of bouaul-w ates also retaired in the sludge.

Agtng-expPrirrienls perfatmed-Ztltsrluarter_reYealedlhat dissolutinn and h1- -
vdrnl•,°v.cic nt'
•-- 3

----- ----- ------- ----n^ °-s3mlaantS can -StlU- p:'9! nfno'JerrOcyL "' ^3cct:r^1LL - ^# of :( , ...,..:.i .,.nrn....c fI..ostantially reduced rate.

Ammonia concentrations found in these experiments were approximately two orders of

lot°.^el..§^lfaR.^Br-st{^:ll.^t'=d3:$a1:'317s Ee$.'!t,$-^.O ?:'It^ar...14':I'C 1 lvilJ. ^PeYinlenls

. .. . . .
" next quarter will

.
^e -attowed to nun tonger to determine iJ the aging process will continue in

--- --- -- - .,, ,A --•---=•••--•._? e pn l v r cpcnnrerua.

et ferrocyanide simulant were conducted this quarter. Fuel

r riurei sitnutaiii wtts 8.0 wio [as ^%a2Ivirejc;iJjsj, slightly higher than

the 83 wx%found in-Ii Flant s;mulatu. T ^;^^•1 ! fWµ JIIIIµfLLIµLLf^;m ;^^• d not support propagating

-- -- -- ---- rea tions dur ng ^,diahatic calorimetry testing by Fauske and Associates, Inc.
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F:ID Fourier Transform Infrared
r..
r r riscal Year
g Gravities
f:A(1 (;eneral Arrrumtinv flffire_._.._.... . ___.._.._..e _...---

___IC._-__
- - - -

Tnn ( '.hrnmatnaranhv
--------^•---^: --:

V`P TnrlnrtivPlv (`ninlF+d Plagtna_......_... _.^ r.^. _ .

iV infrared
--- - - ^-^- ^- °

LANL Los Alamos National Laboratory
T = - `:,:.•. ,

LOW i,iquid Observation Well
m_Nr __ . .' .

^vtante carto Neuaon Pnoton iivioaeI i
- ;;^_

^;..,._...._.....^,. ... ............

um Micrometers
1;fTT

MtliiYfunctlaonal-instrument •ir.LL^^.

1\ll^ 1\GSr 1^11141GY

PN?._- Par,ifir. Northwest I ahnratnrv

ppm Parts Per Million
RSST - -- - --- - --- -- - -Iteactive Systems-Screening 'I•ool (sma-lI adiabatic calorimeter at FAI)
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1.0 INTRODUCTION

i.i ivuDV^Qi

33:is qua.rterly-report-provides-a--status-of-the-activities unden„ay at the Hanford Site on

ferrocyanide waste tank safety issues, as requested by the Defense Nuclear Facilities Safety

Board (DNFSB) in theu Recommendation 90=T(FR 1990). In March-1991,-a-DNFSS

implementation plan iCash 1991)r_espondingto the six parts of Recommendatiorr90-',--was
. ^°.....^- re<=and-sent to=t.`:e 131y^'1E. T` °;-p,P*i_ Pnrar;on plan was updated and released to the,r^

U.Si Dyeput,n:ent of Energy, Richland Opemtions Office (DOE-RL), as a draft program plan

in December 1993- (Eorsheim et ai., i993a). This and- future quarterly-reports will be
reported against this new program plan. All activities in the revised program plan are
underwav or have been completed, and the status of each is described in Section 4.0 of this

1.2 QUARTERLY HIGHLIGHTS

• The ferrocyanide program plan was updated this quarter (Borsheim et al.,
-- --- -- - I993a)• - rke-pr9o_raam nian drarrihPC r,7ent and expected future work in theb Y..... ............^.. c....

_-FerrADcyanide Safety Program tt,rough resolution of the Ferrocyanide Safety
Tssue.- Worlcfor-the Ferrocyanide_SafetyPslgram wi11-be reported against the.

- -- - ---------- ---- ^ ^ ^ nE'w ninirr'wm nian in w .IiIATICrIV nAtii.\r__a_....... r_^.. __. .. z..^.___^

_A_draft report defining criteria for safe storage of ferrocyanide waste in Hanford
=Site-tanlCS--was-"bmitted-t£3-the vs.S.-Departriient ofa^..ner^l' (DOE) this quarter

(Postma et al., 1993). The report, titled Ferrocyanide Safety Program: Safety
_ . . . :^: =^y-. - "r- • ^ ,Yiii'rn cK 069°-••° 1) , provides the- - - --- ^tit@t(FiTSr aet1l°59^#"snil#e tYalclt i.iii^ u^w --

- r^hnica-' basis for closure of the Ferrocyanide Unreviewed Safety Question
---- -- - - rrrcrn

'I'_ rsi and-I1e. f^na: report ton aitra-high-pressure bore-head r=.est:ng has,, beer.apprn, .v,,,. W,.
a4i-t.9e=e9uipn[etltraeCessa.rY=lo=supportlctstaiiaiionof-thermorouple tl_-^) trees

usin ultra high-;,ressure bore heads has been obtained. However, installation
was delayed as a result of the Administrative Hold. The high pressure pump that

_r-
`

__ _ . _ _ _ _ _-
y for hnrinn r°f..rl.:..k • ti-_-- $tfppf3es-uia^ waCer-,'.t:e55ar iva wiiub naa a^,auivw..ed and is awazng

..
DQ^ptanCG_LC^ut^eo.

LAR lmprpvPd-heatloaQJnoAe1waS11SPd 2o_rge$amine-tnene2t. io..ld in tll_P.

A report describing the new model and the
..._

anaiysis-or14LnY-L04was-released_thisquarter_as Ferroryanide.Safety

Program: Updated Thermal Analysis Model for Ferrocyanide Tanks^with
Application to Tank 241-BY-104, WHC-EP-0669 (McLaren 1993a).



3[1TTll TT !SI^II 1 ^

s The illtegra.ed her loads- for-ali-the -ferrocyanide-tanks-we.c 'U.ScsiCiiia^:, ,
quarter-uslttg d.^Me spaCe teinuperature measuremepts. The report, EStilflati0n Of
Hgn LpQLI;p^[^e_L'gn1s ^1Sjxrg ffv_arno_v^nnnr Cnnrn TarnDeratUreS.

_ 31 1 { 3 P PWIIC=r;r-0=7008 (Cro.iP^ P^t 9.. .,=199-xas pubiic 1^y rP^eas,.d--1^as-quart.,.T : --r.-Ieat
'' ^ • t44Y3'v4'CGUkaatW"lavni'Wtio-Yi^.e CT^4riVPZ.P[mt^VTVl^2tureJcVrrei3\t^YY

YiVsY1
1
31
with other

methods previousiy used to determine selected heat ioads.

------- - - --- ---- ---- ---e ----A-stt!dy-evaluating the need-for continuous gas tnnrdt.o::r.g in ferrocyanide tanks
was st^-h!i^ a.rt,eT, Sa._1.S

Y
t_
°
;.,_
b
o a1ata are being examined and a report

_eramininob ...the nPrmit., for monitoring selected ferrocyanide tanks will be._ ..____... ^

--^:--"1PPPii in 11.fernh 100d

• A data quality objectives report; rerrocyanide SafetyProgram: Data
iteguiremenisfor iite_Perf9cxenide Safetv Issue Developed Thraueh the Data
#luaiitubjecivesf^i.'QG) Frocess, t^C-i-:p=utlo ^;3ucket-ai:, i993), was

=--pub> yl_creleased this q t?rttet_ The report Conciuded u^at iwo fuii-depth cores are
reqnired to determine fuel and moisture content in ferrocyanide tanks.

• Preliminary sample data from tank 241-T-107 were received this quarter. None
of the q»w*t,er segments containing sludge exhibited exothermic activity during
differential scanning calorimetry analvsis. Total cvanide concentration in the

. - • • •
all

.
tanx Was vsry i3ev, tlle tn^imum soncenatton found a..ong au the quarter
see ments was of 106 ug/g.

_ ro o'

A=rgWrtSUMn#ar,?irab thP :Srrcs-soxg-fln deveifl"iu" i^cuttflR diffusion technology^1' s_" _
for in situ moisture monitoring in Hanford Site tanks was publicly released this
qHartei; title'1 Pr3.. -°nf of-t'rit'! rIe Perort for in-Tank aloisture Monitoring Using- - =-

an Active Neutron Probe, WHC-EP-0695 (Watson 1993).

i--A_study-investigatingthe-feasib;lityof i^loyinga-nl.iniature--neu^on probehP insder ^._
___a_small diameter well (-1.25 inches in diameter) was completed this quarter.

The study concluded that a limited size probe can be readily designed for
deployment in a cone penetrometer to measura moisture concenirati ona in-waste

.d..l.n.._.mA....fi3lkY^i Pit`it equipped wim liquid oux,.auu,i wells (I,OWs). The study also

PShl^b2d3 'fAS4^11^I'£tj.``Y:SI l1red 10 cTan Z ri...P.p ih ,^.f ' "L0) reet in
the tank.

- -:._- o-=^i i2tter IBpQft waS=Cdfniil£IP'i thfS= QuALter ai paTt=flf 11t=.S'itttll]QYStUfe- [iislmton
:ng

technology development (Toffer 1993). Risers in ferrocyanide tanks r, ere
exatnined :or possible LOWinsetiion,3utitile_effects_of po2entia'L-LOW rr,aterials
on neutron probe performance were assessed. Aluminum and zirconium yielded
the best sensitivity among the modeled materials.

o„-. i ..^ ::nr..,,:PO,....r :n..,nsulting Services Inc. on In Farm- --- - - anraesOrpuo.^. tests at N--
simuiant indicated the siudge stiii retains substantial free water when exposed to



relative humiditiesof-30, 5Lt,?0; and-$(3°/a. The-simulants retained d.l In.,.,,̂ ,
-31.3, and 65.4 wt%-free water (respectively) at equilibrium (note: this is in
addition to inc - A o wt^ of bound water also retained in the sludee)

1u:tyg^^q-e^rurimrnic nrrfnrmPri inic nnart^r rPVP1P(^ t11^Y f^1SSfllntl(ljl andb Y.......^....-f._...._....... :ic'n`-'

hydrolysis of ferrocyanide simulants can still occur at a pH of 10, albeit at a

scbstant:ally-ref,uced-.°w. Ak . on^ concentratir,ns^ound^trthese experirnenis
were approximatelXiwot_orders of-magnitudelowecShan_for similar durations

----_-_'_---==-_nginoIl,ti-t^tniar-r^usttc-(P^laf)'i). -^7[peri7r2nts-next-CfiSarter will be aiiowed to------ ---------- ----- ---- -----------

-_------__-- ---run forlonger-duratioats to determine if the aging process will continue in the pH

- - a^ ^•r-rrr;a.,^,- --- -•-^---..._......

. Experiments on T Plant itowsheet ferrocyanide simulant were conducted this
-auarter. ruei concen(rapqn in the T Plant Silnulatlt Wa5 $.$ wt% [SS
lYagl-vic^P^i^;a, slighly kigher than the 8.3 wt% found in U Plant simulant.
T Plant simulant could not be made to propagate during adiabatic calorimetry
^PStaF^------o-

_- 1.3 REPORT FORMAT

Progress of activities unde€each-of-the-six pa.rt, of-DNFSB R^onxr.endauon 90=', are
arranQedin u`,e-same- order-as the UruKi•a,n plan (Borsheim et al., 1993a). The arrangement
a1^ €ollows=the sa<-;te order pre:-ided-:.n. the rw•m-endat;on. To report on progress, each

_ part of the recommendation is repeated in italics, followed by paragraphs explaining the
----- ----------scopP t•,f-work--onCea:::f-parter-subpart nf-the *ecommendalion. Subheadings-for each-task

activity report the foiiowing: V

• Progress During Reporting Period

: Planned ::'orl:.`.;r ^ubseyuent Months
• Problem Areas and Action Taken
• Milr.ctnnr .Ctahuc
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Various radioactive wastes from defense operations have accumulated at the Hanford Site in

una`erground waste tartks since the mid 1940s. During the 1950s, additional tank storage
space was required to support the defense mission. To obtain this additional storage volume

------ -- -- --- --- ---wit1Y1T1-aShO14-tIn'ie-3erifld;-and tPrminin'iizCthe7tieed fDrCot43tiuCting-addiuCnai Siuiage

tart^^ H^f#3*,s^^£ite^ientaSt^eyelY^ax3r^esv to SCavenge-132Cs-fri'im-i3nlf'wasteiiituidzi.

In implementing this Yrwess, approximately 140 metric tons ( 154 tons) of ferrocyanide were
-added to waste that was later routed to some Hanford Site SSTs. In 1991, based on available

_ _ _= 2Rf6Yttta'1o i;-^ i'iks^i'ef^2ss. .,w+ t3 t1 e-ccrFoeyan4dE* 3:aCl:;M usi;.b the crite'riGn that
. . . .

---theyorsgitlaiii%,re^elved-lnventorlesL^f-aG1e2St1>Of^_^1itOleS-aS the Fe(C'TiL an,nn;

'
'-'

^ei^yarudtr, Iii the 731 eSence vi Uxnn
"

^l^ig; matErt $uc , as Sodiuiii-nifiate ai9dfor1litiifC- can

1 rCvSzat>r='^'3d-FAmetimes-_exF lode=;n t11e s.atlvn-raWn--'_ bK h??t}nI it to htnh tnm'•otn.°c^^ a s.. w...r .. ..... v or by
_aa ilcitric^a ^a ofsuft'lcienter.er-gv. Under laboratory conciit9or,s deliherately created to

-e.nnancP lne ootenria_i ror reac-uons, significant exothermic reactions can stan, as low as
22(} °C (030 °F), but the 3owest explosior. te;,,perature observed is approximately 285 °C. .

---- ------------ -----t_^'' -
_ '_ n •.li°n.__' --------- ---- -- ---- -r =--e):_ r- ex^s t1s1Ye 113t1e^- P1TU"}.̂ .en k:_ rrt'°nn^' of all iXiu,u, h39 been

known for decades, but the conditions under which the compound can undergo endothermic
and exothermic reactions have not been thoroughly studied. Because the scavenging process
precipitated ferrocyanide from solutions containing nitrate and nitrite, an intimate mixture of

--ferro,,yanides7attd nitrates andfoi iiitr-ites is likely to exist in some regions of the ferrocyanide

tanks.

Efforts have been undenvay since the mid-1980s to evaluate the potential for ferrocyanide
seactions_in-Hanford,SiteSSTs-(Burger 1989; Burger and Scheele 1988). The potential
is.n"seuiicn.""s- of a postulated ferrocyanide burn- or explosii3(t °cre not evaluated in the safety
analY rses or saieY ar,aiYsis rep=orfs l'Sii 1̂ aPPiicable to the Hanford Site SSTs. The SARs'
-flisto:icaI1___have c-onsidered anexplosion-frorr uel':.iuate reactions as an incredible event
andthe consequences of incredible events are not required to be analyzed (WHC 1992).

Although not considered a part of the safety analysis for the storage of waste in the SSTs, the
1987--Evironmental Impact Sr tement (E.TS), Final Environmental Impact Statement,

Vx ^i^^I^^ [IGJ D^^ F^°^:f1 ai rur i^s:ne :rr_csi ljtj^ Tl^nk ^!_!SIP, ,l^!f;^x_I 'etY,
Eicniand, itiashin,qton ('riDW-EiS) (DOE 1987) did inciude an environmental impact analysis
o%potent ai expiosians-involvir.g ferrocyan3de-nitrate tnixtares. The EiS r^^stulat^ that an

GP521osallc2ka €r gE i•dti7-alc,iiKyniliiic

- waste tank. - The EIS concluded that this worst-case accident could create enough energy to
- -- •_ , .

the- ^:.,ease rao,oacnve rxaienat co uiatmosphere through veni,iaiion openings, exposing persons
- A. . - __iIILStL^to 3-ShOIL-Ler3I1-raQ13t10nIIOse-Df-approxlmately 2200-mreIn, AGeneral Accounting

Office (GAO) study (Peach 1990) postulated a greater worst-case accident, with
i..dependently calculated doses of one to two orders of magnitude greater than in the DOE
EIS (DOE 1987). Coupling the ferrocyanide concerns with concerns about high organic

--- --- concent.*ationsandpotentialhydrog enarr..m.,..l^tinnc in other Hanford Site HLW tanks, the- - - .,,,......u..,,.., ...
-DOCes•ialtlished= ;.he Nibis4:eve2 Radiawc. :m :Waste Tanls Tasic ;=orce and 1anks Advisory
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- - --- -._.
in

.
August

..
y9tT.

_ . .
Panel (TAP) 7 These two groups were formed to ensure that all safety

-• vr ur «^..vr at r%n^ '4 onecc ?s->43rn^ss r^.a^^. ss. ...-stteS a_r"enh arnd- addressed 1n aSystetnatic-annd
--'-- -----uu:cly mauucl.

The initial focus of the task force and advisory panel was on the Hanford Site flammable gas
and Ferrocyanide Safe'ry Issues. In September 1990, a special Hanford Site ferrocyanide task

team was commissioned by the Westinghouse Hanford Company to address all issues
_ . . - • _ : • _ e r • , , .

•^-?.. ^• r •
----------:----IYYYoIV':Q3tleierfOCy7anYf7eUuniGi,-m:LluuiuguteCOt1SCAllenCE3OIa DO[ennal aCClderit.

-The root cause of the ferrocyanide pxobiem results from a combination of factors, beginning
---- --- ---- ------with-the safety studies-performed-aE-prFcursors-to-using the fP,T--̂vanidP cravPnving

-"^-"-- -_"._"e

F.owsheets: -IIIfe- 3tudies did not i..clude ulti...ate disposal of the ferrocyanide solids, and
were not performed to the conservative standards used today, because the studies did not
discuss the risk of adding ferrocyanide to waste tanks. In addition, no rigorous inventory

, . ^ , .
Subsequent

r
was kept of tEie ferrocyamdeor ^tner ChesiicatsaideQ to the tanks. sarety
efi udi^a-aithw--vfere-n0i ^3erf0.'nl°..d,-Or-iJere-^'ierforiiled-t0-:ess-cons'r'datlve siaTidard3, t^v
-demonsOrate that other chemicals- wou-tdnot-increase- the level of risk.-bfonitoring systems
for designated singie-sheil tanks (SSTs), such as temperature measurement instrumentation,

•. ' ^ l. .._a ....... ..---,-- Yi` _ r! artn- -- --:=-.-.ere- allli`^i•e£^r--t0 be ili3^:s}'i°.,.r,s£.: .a...nr?... .€al....t ..:... disrepair bec.ause tlie- potentla: uaZaLU was ::ot

- hibHlibhtaA - - - -..F,....F,........

Alihough the-HDW-EIS (DOH-198'7) esttrrzated the-consecluences from a postulated
=expiosion, tiseGAi3 disagreed with iheassumptions of u^at di,cument. Work performed by

•_-19S-1 05 :d _.•-^ .
^=^lf^d1_potential afety nrnnient, but no

Iur-iuing was provided untli--1^s9--ta snldy tl•iis satety lssue. An additional issue was
- wrn-̂:: - ^subsequendy --utncaGed about-the--assumed radioactlve-material-source teriu 1release

fraction) rPSnirino from a postulated explosion (Peach 1990).^ ....... ..b

Ti October-1990 {l;eaton 1990); the Ferrocya:ide :ssue was declared an USQ because the
-ep^,anaiY-sis
r_._ _nsafety-gnvelo ^for thgse-tarrks waan^rloni;er bounded bY d̂^ existin^ safetY - - .-- ----- 1^

IRRt#_. tY2f2^_̂ Y-r99 I;1SSi 7:rt^rsiz sKiliiwie.lg,p,rprocesTreCor(ls,-tCansfel' YecOYdsraOd.lOg
- books, 24 tar,l:s -were identif.ed at the-Hanford Site as-potentially L^ontaining i,Ow g-r:ole

`AnUnreviewgdSafety-Question,-as definedby-DOEOrders 5480.5 mnF. 1986)^ --
and 5480.21 (DOE 1991), is determined as follows. "A proposed change, test or experiment
shall be dr,^med to involve an USQ if the following apply:

L_ _____ .

-_- --- -- - ---- --- ____ _ _$ _ _= ty ^ccurcence or [. :r ^:^:n.rzuences of an acc
i
dent cr malfunction

of equipment important to safety, evaluated previousiy by safety analysis will be
iiUduuy iI:__1r1WJGY; Vl

U. A possibility for an accident or malfunction of a different type than any evaluated
previoilsly by- saf2ty analysis will be create^; which could result in significant
safety consequences."
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14651b) nr nlere of ferrocyanide fas!hy Fe(CNk anionl.- These twnks were placed on a
Fer ^,a^ re-J3atcirListbecause- of the uS^.

tigorkin a2zYaround any of the ierrocyanide tanks requires detailed planning, including

-preparlttg-t.^ a:=pporrr-sa.`°; and env;:onmental documentation and approval by DOE top

management:- Tfiese restrictions are ir,^posed to ensure that appropriate precautions are taken
to minimize the potential safety and environmental impacts associated with the ferrocyanide

hazard. The need to evaluate the hazards and ensure that appropriate controls are
implemented has, to date, increased the time required to complete work or install equipment

in the tanks. Re-examination of the historical records (Borsheim and Simpson 1991)

indicated.-t_hat F of the 24-tanks rlo- not-contaia the requisir_e 1,000 g-moles of-ferrocyanid?

--- ----- ---- ---asrd should-not have been included on the Watch List. Four of the 6 tanks were removed
- -_ ------- - --- --- ---i<.:,. x - ' ^-QQ2 .- t' i c

the
...L, = i r _ ^. -.,

u:c ...Pr two---,.:,:::_:.^ Watch Lls. .n=.^r^ :^ {l^_^.,hastt et-a:.- ->- - ^ a ..,tuuy:.L^r

rnn4c it nanAine /Rnrchnim at n1 1QQ"Sh1 vy- .._ . - . - _- _ . ......... .^ t..........b V............... ... ..... .»....^.
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The USQ process depends on an authorization basis that describes those aspects of the
- - - _ - --'.. .

ga-b
. .

^-, _
. .

rcu -1 t:-^--=f2cYttr -

, ,

- nw on by DOE to au onze operatton.--- ------ -^, alest _^+p^'-mt1onal feQutteuus ,c-and- --- -
• -----'I'he-authorizatton basis is desc:ibed=irt docurrrents such as facil;ty .SARs and other safety

analyses, hazard classification documents, technical safety requirements, DOE issued safety

eyaluation reportSr and fa6ili(y-SpecifiC Cnmmitmr.ntc, st^^h as the safety assessments (SAs)
•

==and d.ite-.4':terlttFS{lfety-Basis-4iJS3)VkV'3-goner--19g3). The nntr-n-tial haards of g

fei'COt,'ttaride7litrate/nitPtte re'aCtion were diSCoVered toTBaresertt an inadc'.qriacy in the.

authorization basis. Until the USQ is ciosed; proposed intrusive activities that may impact
the safety of the ferrocyanide tanks must be assessed for potential safety and environmental
Consequences. Ftiru`ier[Tiore, `u`ieic aCiiviiie5 t^^ust be authorized by DOE.

A strategy for closing the USQ and resolving the Safety Issue surrounding the ferrocyanide

wasteszFias`!#evelLped-6y=DOE r.omn^^?^^rifbrd Eoriipatiy arid presented to thea11----

• 'llte ;trate83 contai^s h„^ ke<, s•-D*IFS;; in Au8 ^ust :993 ^Orumblt 19911. ^ ^^^ ^wr^•
__ ___ _ (lydeveiopirg ^^iter a or safe^y categories ihat rank ths hazard- for each tank, allowing

closure-of the USQ, and (2) confirmation and-±lnal placement of ea..^h t:.n'< into one of the
-ca*.tegor:esbasedoncor.^^ iar-„yling-, al;i cn4.actei':Zaa1011 of-the-tank conter.ts.

--- -- --- - -- -- -- -A.s=pau* of the-accelerated Sa.fety Tnitiatfves-(O' L,eaty-1993)-, -closuTe of the Ferrocyanide
USQ was moved forward from September 1994 to January 1994. This, coupled with the

et*atP.v9̂ =̂ fQr_jJSn c]^lcRrg rrc^iltrrl in an imnrovedschedule for USO closure. The USQ-^^ _
^ en AcatLlle-clos^'..€urmailvlsy=DQE .w Yaat^aao. AQvaruNc the

Ferrocyanide Safety Issue will be a follow-on effort that requires the sampling of the
ferroc}sa_rtide=tank-wmtetr. quardtify the potentia-l-for ha7ardous re..,ctlons.

-----1~esaneyanidg-rrograrnY^an-Tneserrocyanide_program plan was uidatEd this quarter and
submttted for DOE approval (Sorsherm et al., 1993a). - The program plan deserfbes all '^̂,l •u^cthe

current and anticipated future work in the t"errocyanide program. Schedules showing
activities leading to eventual safety issue resolution by fiscal year (FY) 1997 are

presented in the program plan. Work in the ferrocyanide program will be reported against
the new program plan on a quarterly basis (see Section 5.0 for schedules and work status).

Safety and.Environmental Assesrnents. SAs are documents prepared to provide the
techrr_icai basis-toass-ess-the-safety-of avrtrpcjsec9-aciivity and to provide proper controls to
==maintain safeFy. --fae-SA along with the-accampanying-Er.viro.^.me nt:l Assessment (EA) for

----------_----- 11lat.tlp^lc^SiOllr-pI(3Y1d5S.1.(t^.ha5i^f^r.1)t7E atithnrizati91Lof-theproposP_1_I arti viti_.c,• The
. . .

=-::- - Tn.EYtf211 1y3£alyZtQ ntTl MllP ronir nTa --. ^ Ynust^re* * s ^. nttonc .vas combined into one
_-.--==d4;1,*s?3itrsit^ •'w?e=Fi^B,tYt:v i=rea^ ^?n^ :. pr^'Jc'vcr i993 (Waganer 1993).

-aAshavbeeii cotn^ete-f-or^apor spa&saznpli nfaltfe r^yW^:de fWr.ks, waste surface
- ------------------------ _z2.T^!pltin_&,-.^21t-^lE-lnr)de-GSITe.egmiR,li?lg>-T(,`'.ire-inetallatinn-in_ cniinj--taP-kas-and-remnval of

' putupable-liquid--fromleaidng==tanlts.(interirnstabiiiZatirnz}.=A d15C1sSiim of rnr_ _inr_r
stabiiization SA is presented in Section 4.b.i.



----- ---- -------A-decision was-made to revisethe-ez_isting=SA for-instalii ev-lr trees in sound (non-ieaking)
ferrocyanide tanks so that installation in leaker tanks was also addressed. A study to
eV31t1at'e and-id'enufy aitcinaLLve methods for installation of TC trees in assumed leaker

------__==-__ocy^--tatksiva..^compler.ead,-Fhe-pre-vi_oua-method used relatively large voiumes of
, m- ---- '`--- -^ .̂.---_-.___-.___ -_.-._ ^v^r,^=p^r^^]ei.v^rrr mrnxivn rnP ,^,ac^. An u11ra high pressure concept that uses

In
.^

;.iri„^^uanriries-ofwater-svas_chosPn rnr ^nai tPCting and design. The Sp. was first
---- ------ - transmitted to DOE in November 1993, and several revisions have been made to inpqrpprqlg

T^r; ccmments.

The EAfor-installation of instrument'rees-into the-14_"assumed lealcer° _fcrrocyaF:ide tan>-c
has been incorporated into the generic EA covering operations for Watch List tanks. A draft
of the generic EA was sent to the U.S. Department of Energy, Headquarters (DOE-HQ) this
quarter and is awaiting final approval. The predecisional safety assessment addressing
inSta::ac 9nO£ inSt-YUn'.ent #3eeS i3:fM-a,isnme,.d-1F,alfer-tafilfStva3-sent to ihe-DOE for review and

_ -' _ "- _ - '_ _ nn . nnn
--- --anprov-2•_i on l^!'}vemnrr 5 Ll e -^^_i vv 5

------------- .

A SA for rotary-core sampling of ferrocyanide and other Watch List tanks that contain hard
waste (e.g., saltcake) is necessary. The most recent revision of the SA for rotary-core
sampling was sent to DOE in October 1993 and is waiting DOE-HQ approval. The rotary

- --sf L cse3am-xc ^rnar#atl-}n-tW iianlnVa:l L^^ C...1.1 ^:.... ' l.f..^..
3vi iiGtu olleauSLlilurlaLG11 1994.

Haard Assessnt23t: .:'tle_Ef€ori-te .u>^.-thk :..:o:.va;.ide hazards assessment document
was redirected in June 1993 toward developing a safety criteria document supporting closure

^ ' Meie±-^^°:,wmm^t ' ^ x""'c°
_

.
-= L =^ e=_£I%'Jz,j^P e ^and ^ --=-,rt.=_ _-•^_ ...,.,^,...,.., s.upl;.irun _g _ -tzs -uiuuun c7f the
-Ferrocyanide- Safety Issue.- Atthat time,- agreement was reached between DOE and
..,_ .• ..n

--------- -__-_ -_= VY-eSiif.g:lOSiw-.aFtro-rQ 9:fiFe-ap3l0aCn--FOr-CioSUreor the ii.iv and resolvmg the Safety
issue.

An-updated .ocyanide hazards assessment, now referred to as a technical basis document,
ill-1TVt"

{^

{ e u.42ued-IInti1enV4gh'!n'fVt[.IDtFV.. iF("N^1H\YT/^Q""^l"[Y3VlxlLb YlV FVr1\NNyantd C £n J
e Ualbt

lssue, Technical information from all Ferrocyanide Safety Program tasks will be
_incorporated_into Lhis_document._ -T_h_is document will be completed in FY 1995 to support
Safe"ty issue resolution for the four C Farm tanks. An update of the document may be
nnrac in H`r' 1 Gv7 in ennrnri Q''-^ sary ... ^ ,.atetyLssue resoluttorlfor the remaining 14 tanils.

-^-^.-^s^_^-L>i^^ltR9i^.:^-r_'^-.E?^'>•3ri=^:Griu-^,"4' e>ie"^erzirnrre.nf_Ilypotnetlcal blll?!a of riiffaring

sizes in a ferrocyanide tank is being prepared. The repqr4 will be, FrgF3ied by July 1994 and
will satisfy the milestone originally set for September 30, 1993.

Glosttre=afdhe-Fe rocyan de USQ. The Ferrocyanide USQ criteria document draft (Postma
= e*.-a?. i9?3^ w=^ qs sh=*iittedforDOEseview anaapFrovai on December i, 1993. Based on

---.---- ---- - ----- - - LtlC.1S^wlPdge ^^1nP^-fSQ^!-ci_T_ll1a^t.Studir^ ^n[^"thenrrtiral?nalrcrc _safetycategpn`g_anri

Hsj^i.ia .. u^^disiitFe^d-: u^t u^e iFFikriFn-^fe sto!"a^p safety ob,__iarti:ti te^a=3 e_- _.__=--^at va . The p*imary
safety objective is to maintain waste in a state that prevenu chemical reactions that have the
pote;ttial frsr-radiation ^losw^ _rr-r^v ;^ a7,^osure {either onsite or offsite) more than applicable
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limd;w or guid°e:::and damage to the tanic that compromises its abiiiiy to store high-level
waste sa:ely. The p::...ary safety objective is met by imposing a more stringent secondary

^ .-. ._:: •-
oojectt% -titaC -3s,^ 3ustati+saat^- ^paa^xouterm =ie *^,^Rr_e rPM^*v*r be possibie,
*a--^'ps-t^f the severity of its-co::sequer.ces. -A^ustairaable reaction is one that catt spread..g...w..s

---beyond-a iocal ignition-source. ac-rapid reactionis one-tttatgetterates heat faster than it can
be removed by conduct3on; it excludes the slov: deguda+lion reactions believed to be
occurrina over a period of years.

-_____^'uio^y.^ety^xiestioos.wr^_^irleotify_t_hree safety categories -TheSluestinns were
developed on ihe=basis of the current understanaingof theibrrocyanide waste hazard.

YuG;uon 1: is a signif:eani exotnermic reaction possible during interim storage?

s'tgniftcani in ihis quesuon is defined by reference to the safety objective. A
vais'-rc$€tiin?uulld-iillve€flnrnL+en.n..°.S ir°..^at---- .,,, 6 aer than permitted by the safety objective.

The phrase possible during interim storage in Question 1 means conditions that could
.. .^-_-'-_ = 4tiebPeTiC'aiiy occur i#iYG ti',ontraf3 werE p13ieQ On idnk i9^5eerattOnS. This no i;"i'u'Gisupu 8bdrt

allows for ,ue:: `^ t-unlikely events as-di youc -and the inLLoduction of local initiators.y JJ. ....,
The no conttol stipulation does not cover processes and operations that could be imposed in

- ° -rnture=eftirtstlarecteoarxma4-otsposa -or_me_waste.

^------ _ rc.L_ __.....,.
fs^Y'tt^.'^- x 1 •' +3Clxst!'--^xA be-sxfPlsl_et^{, •^^n^If inC`i Q-^.^=Qt.es.:^on--^= is,.=n(^'^ ^.^+t^P-.. .._...^ ^.. .:^ ..v^_J ...ored- wii[i(i'ttt-htau.aaa

InrPn Pntinn^-- tknv a^SwertAi<ucStlon-li5 }'eSt!]sn.1 Sf4onQ-key iiiestinn is mce1J:

Question-2; --Is-a significant exothermic-reaction possible-under present corditiors of waste
nIniOtvro rnntan^7
/IIVIJiN/4 4VIKG/K.

.. • .• ' 1... ,1G.,., . - {,j^ i^!P!'Ti^?rYn_ he_--=I3ie ^iSS^'E tU ^^S.^^ax'+3r^^ .iV ^iGil'.NSIG `„ l -ol:^....K... .^•l^f by aSSUring that the

waste maintains moisture content above a level that prevents significant exothermic reactions.
the a^w€r to uli3 jueatiarU is yes; -'stcn-tbe pri:a.aiy saf ŷ objective can be met only byif

imposing controls thatavQid conditions that could initiate a reaction. The more stringent
secondary objective cannot be met if the answer to Question 2 is yes.

Answers to these two key safety questions led to the definition of three safety categories:
---.^ l:A 'T_ i^ a:.^s_i ^a^i'.c..3.a^'i: -

!pt. C-AICr- Iq wrnaawYnrronnnnr^n--4n-n'v.:^iT:::"-.)a^f:..^ 3.^c i-u .^ i.c`.-.srtarruwgoiy vaaua w a

"no" answer to key safety Question 1 (i.e., that a significant reaction is not possible during

i:.ter.m. storage). The safety objective can be met by a hypothetical unattended operational
mode; no special requirements for monitoring and controls are imposed by the presence of
rnrrMV^niria.........^N..a.....

Tne-U<,roir_r1C^1^^,LLY -SAFE ^zrc^ eorres^-orus to a yes answerko key_safety Question
1,-followed-.i a no a3swer-to xev-safett^iiuesiion 2. -''he^stesitrthiscateaorv are safe on= . . _ „ .

=the condition7lrar^oistttrerontent-be znain^nefi^ at nrab^?ve a defmabie criticai ii. in
reacti3n-phenomenalogy,-t.he-retluiremertx-are- the samme-as for theSAFEcategory; except
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thata-waste moisiure levPl above a critical value applies. Therefore, propagating reactions
zanhe ruled out for this safety class.

----
-_-- -- ---- Fm;=T^^-- `-^^ .,..^^ ^Cau LorV corresponds to yes answers to boiaicey safetyquestions. For wastes

in this categorv,_ a reaction _initiated at a local site could propagatethrough a signifcant
._. _

----==quanttt:^o*-asw:==Accrccriiv^wuid=b ti es^en;ea by ir^ii#g contra7ls-that-avoid c-onditions
fhait ^tt11_ini>^teame^, _Sinrage nf ^^teain-'u`,is i:ategor•yis inconsistent with the more
Q+^^ffe.^.t Q.,er^ondary safety objective, because significant reactions cannot be ruled out. A
Chan^P in uro..e^ts -a,t..=C^wJS1€1 be r£itt}r^ w_ es;sa„rv thaC :^a3te st6ragZ met the 1Bve1 of "s:tfeiy

required by the secondary safety objective.

The parametersimportant-for exoinermic oxidation/reduction reactions involving ferrocyanide
are fuei oxidant, and moisture concentrations, and temperature. Criteria were established on
fuel concentration: moisture contertt,-and-tetttlF,a^u:re_y:at_allowShe tanks to_be ranked into
: ^ ^^s^^. -- -- '

- ---------------Lf^ur^s^=.:I raregnneS.

1 I 4'VU1 1 _ \AM'V
1. L{I11LL 1 - ^JCal'1'!

Concentration of fuel: 5 8 wt% sodium nickel ferrocyanide on an energy
---------nme'sva?nr.t-!wcie-li-a - - 4__-1_}__s r_ ^3 fa1.. ..... ..^ .. ... ,[ai---------- --- ------ -- - - - - - --'<--'------- ------ -- - - - -

C'nnrPntratinn nf wntpr- Not limifna..^^..^..^^_,

Concenirauon of oxiuizers: ivoc Rmiun_e
- - - T'amnneei..rn ni avec4u• ninr i:m:f:nn

II. LEVEL 2- CONDITIONALLY SAFE

„--_ ^Mr^etrRtjlR CL ii>eJ°: ?-...:v'^- ^u'ii:^ n:_I::1 frnrrvanirle-on-an eP.eL^i

---'--•'---=--

-^ ---- -ConCenuation of water: c ^•u: 24 w`t%o

Concentration of oxidizers: Not limiting
--------- - --- -

me..,..e-.......e ..c.....,..... ^ nn on
acu.rcia^uic vi w^W.

T$S-TRVrV..i - TWGAuR

---- ---- . 'r-'^-,-`^. --J[''^_Ai^..."'..i-^':e,...LL=I S.'1.
"
E

ii°_.
.^u^= ^,_-..t5_#` --^^_^:-a^3 ...__. .v^i are not met;-a modlfCa ^u in waste

^f^le :r rum.irc.i fn rcmnvc n.nnL Fa^y.uea^wi_w-e..u.vye-a-.sa-:ra7m thP. TTNCAFF. rlacc

It Is impor[an[to notethreC features of the criteria. The fuel criterion is determined on an

energy-eqi}ii+&lent_vaaliihat ai.cvuiui_fuI_possible contributiOng from other potential fuf._

----- -- -- ---- -sodreeS,st3rd.E` as-sulCtdeQlr organlf.s.--^i}3e mO1StUre-CrYi.er10R-i$-nt'it iixed at inc vaiilC, but

increases inearlyirom 0 at 8 .trt9o-fue1. to 24=wt% at 26 wt^s- ft!ei w;^rw that contains, for- --
exa..ple, 8.3 wt ff- fuel is not required to have 24 wt% water; it requires only 0.4 wt%
wat:r:-Te::+tc:s..:ic is-not a-prima.ry c€iterion, and is set at 90 °C to preclude rapid moisture

--- ------------ -_--lossin_ he wasrw.- Actions to_ceol the ^»gtp would be taken long before temperatures in the
tank increased to QQ_ °C (12). ^ased QninformationIrom the waste simulants and core



_sampl e-analysm_aii Acd the ferrncyanidetanks are currently placed in either the SAFE or
^AAnITTflIAT A T T V C A L`C nn,n..wnn

- -- - tiaLGCV1IW.

• Milestone Status

-°-° --- ---.- ..^-F, ^--?-.s_ yyyL,°- n..,._:.r iDOE-s^wiew, a draft I eroeyanidc safety
criteria document that defines safe storage of ferrocyanide waste. This

1 ' of th^.1:1estone =,^la?= cf131p1^ _G?t-sC#^t1^-13y tranam,ttal- -- - ----------._.. .._ ..._-
Ferrocyanide Safety Program: Safety Criteria for Ferrocyanide Watch List

- - - - - `7^[T/^ ^'p ncni m..•,...... n. ,., , [lt}'YT
_l
^,•
a^, lTA1G- ..^ -VVJ1 `rVJlulaGLaa.,

;c.:e,:.be.- 17, 1993: Submit an update of the ferrocyanide program plan
to DOE for approval. The document, Program Plan for Evaluation of the
Ferroeyanide Waste TanK SafeCy Issue-at the Hanford Site, WHC-EP-0721

(Borsheim et ai:, 1993a), was transmitted to DOE on schedule.

January 31, 1993: Requested DOE approval to close Fetrocyanide USQ.
This is two months earlier than called for in Tri-Party Agreement (TPA)
...ie.,.....e AN All ; A
,1LLMJlV,LG 1Vl-4V-11.

June 24, 1994: Issue an Interim Safety Basis Level 1 report to DOE

which provides an updated safety basis for safe operation of ferrocyanide
..._,._------- ^aun^.

July 29, 1994: Issue an update of the ferrocyanide hazards assessment
document. This milestone will be deferred to FY 1995 or canceled

pending disposition of-the Ferrocyanide USQ closure document and the
uming for resoiving the Safety Issue.

- July 29, 1994: Complete a final report, approved for public release, on
effects and consequences of various in situ ferrocyanide tank waste bums.

_. _ .
A-ugut^l, .: -ls.;,::, tecnnii;aI oasis document supporting Safety issue

-- resolutien far £ Farm ta^ k°. R^;o , mAnA Safety Issue resolution for
C Farm tanks. yy

February 29, 1996: DOE approval to remove C Farm tanks from the
Watch List. Safety Issue resolved for C Farm ferrocyanide tanks.

- _ . . „eaneia:^ 1, 1.
.

,: levhetcal oasts revised to J L VYLL.uppor^ ^°+ L
o.y r°°

1JJYNl

. _ _ . _ . . . __ .. _ . n . • • . . _ •

----'------- ---- --- ------------- - _----rgolution-rdr-ine-rema^ntng I4 ranics_ Kecomtnenn Safery issue resolution
for all remainin o ferrnnvanirie tankc._ ------^----- -----

- --._..^._..^.,._.,._.r. Can4o:.-.duaumhnr -3QY -1%97_...D(1Ftinnrnu2lt9 rp^t0krr-lf fCrrMV9nifla vanlrr-- .-`-"-- `-'- - -"--`-- - _ "--x:c^:^ • FP.....^. -. _1.........

- - ----------- .-.------fro;}}-the-WatC}'i LiSt. yanidc .°iafety iSSue resolved.
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This naee intendonallv left blank.
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d-u - iaUE4CRiiP'd'IOIN- OF_ACTIVITi'S

-=_'Ii:is section follows-he fo-*mat of the arogram plan (Borsheim et al., 1993a) and describes
all of the work associated with the Ferrocyanide Safety Program. Each task activity is
described relative to the applicable DNFSB Recommendation (90-7.1 through 90-7.6). The

spesiftc resommer.dation- is given;-followed-by a- summ?*y of a^tivities underway to respond

to the recommendation (if not already closed out).

4:1 Efi^iCr,Ti i^iv"'u-r.Tcl^i^icc ivi^e^^icr,ivu,i^i

"Im n¢di=¢ st¢ps should be tak¢n to add inst:i:mentatson- as necessary to the cSM containing
" f ri`siy^ikc ." N+ wV1 esfablis1:=5Ebketl:er t*n` Yui1iS-fv1SI Or Iitity dEbE1011 In IhE^lturE lrt site

_---_---stored-woste, 7"ne-instrutneniation slroula`include; as aminimum, additional thermocouple

trees: Trees-shoutrl be 1nttoduc¢d at several radictlloaLtimt°u i all.au.kv ;°o;:tai-r::rg
substantial amounts offerrocyanide, to measure the temperature as a function of elevation at
these radii. The use of infrared techniques to survey the surface of waste in tanks should

er^nltnue-ta=G¢zttvea^tgrtted-aas-apnoncyittatter_r^atul on rhv u^.^iirii^iii^r4 that this method will

be found valuable, monitors based on it should be installed now in the ferrocyanide bearing
tankc

- w:i:i insirumeni Trees

-------f3hFSB Recornmendauori 90=7:1 requests-that-actioris-betaken-tcradd iristru „eri^tion to the
2-ferroFyanidewaste_ measare ucasteAemperatures_and-to deiermine if hot spots exist or

__ __ ______ n11\I l1PlIPII^I^
.a.Y. uV.^avM•

A strate-Y -=xas irHUai: dc.eio*ua^ to ^roviae me iemperature-insaumentation necessar9 toe ^ r-^ w r
. - . -

.♦ d {.....:..snonitor cofld•.tions in ftvc htg#t-coneern wastc :anks on-an eXpedi.e., ^^.^. The strategy was
to (1) repair the existing TC elements (where possible); (2) install new instrument trees that
would be fabricated from existing drawings; and (3) install multifunctional instrument trees

t:...:.,.a ti_
of Ff3E rS avfi118111e: rt,.. aRrr^ t tvti $ - i3i .v3c`'t^di"$C$' at' `di'-e $ ccicnonr nu.uwi vi i.a. i^uaa wvu^u

provid^ temperature-mot^atoring,-the-caFability for gac ^mpling at three elevations, possible
pressure monitor.'rg; and access for-deployment of fiber optics inside the tanks if desired.
'Fhe=TC=t.^ees^vxouldprnvideten?,^r3ture_ms^ ni.aring bu r^,ay-not^*c3v:de the ^ptionto-obtain
any additionai data. This strategy was later revised to include only repair of existing TC

--__-srees-a id_installationnf nesv instnunenttreesor_replacement of TC elements where

--_--xecessar-V There ^_ nu^h: w_t^Jrw`-iaiiiMin1he ferrocvanide tanks at this time. To
TMA.e^ navebe..P.n instaiied in iu non-ieaker ferrocvanide tanks.

s- --pro^rP=E "-:::^~^ De^o:tir,° DeYiod. Instrument trees with heated vapors °e -- r s
-- ------- --- --- ---- ---- ---- satnpl-ing-tubes (Figure 4-1) have been fabricated for the first four assumed
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. ._ . __ ... . . .
1€^Ker-t^K,S,-^ltra h_,toh_^,nr?can*^P bore h^i2dS-were-1nst811^L1RIwo-0f ^t!ePw

instrument trees this q,,w.*f.er.

The f;nal-rQpori=fOS=f^fiei.llls higk-F-1-Caauroh9re-hCad-tC$ttS+gSiaS been approved

-and all the equipment necessary to -support insiaiiation of Ti; trees using ultra
high-pressure bore heads has been secured. The high pressure pump that

{Tz!cs-n^sczrv-^arharir.a ,I ' •°.-rcfiafiislerd and i: a`_aiA^^
- --------- --------'------^ --^ ^^^C-_------^7 --- ---_-O -Ra- -----------

^LL1la

ae^.I*a.^.ce testing.

Planning for installation of instrument trees in the assumed leaker tanks has
_- ;_

the- -- ---- - -- ---- -- - - -- -__ z;arianaea, r,o^veVer; iii^^aliaiiG
.
onwus delayed as a result of hAdmintstrattve---

Hold placed-cn ;ank farm, operaCCns in AogOt 1993 (Meacham et al., 1993a).

. _ ..- ^. _---- ,v:`R 1.".ei.^.7w^L^le lres-- --iie5 i-$n.

FIENENT

1 SIE1L pF 5NE TEIPERATURE TREE

MESSURE TUBJK

NOT WATER OR NOT GAS



--- - --Wwk^Nas-inif2tedd Lk;y^dnrtprn'n-ad„^^.^.ment-that-!voiild describe the criteria for

,rpgra?led-xentperaturemonitoring-capauiilties±n-ferrocyanide tanks. -This is a
____ _________ _ .. _ - . . ^aa.aa.c5i.• __t.!L_JT^• . : 1 • /1!A/.lYl

m..ua.5w^uaaa.- tcbcuuy ca^nvimuw iiii auaa (1V1-4V°UL

-P-lanr•ed Work for Subsequent Months. High-pressure bore heads will be

the two remaining instrument trees. Instrument trees will be
--°-- installed into fourassumed ieaicertanics i24i ni-107. -108. 241-C-111, and

241=TY-iB§1.--Four additionai instrument trees will be fabricated.

• Problem Areas and Action Taken. None.

• Milestone Status.

- June 30, 1994: Complete installation of the first four TC trees in assumed
leaker tanks.

- - ^-- ----- ------- - --- - ^ -- - i 11^6IA• ^.'nm,^ * i fnf^n nn nY innfn.mu} T Vl,muli` ♦ ^{,^,^1 pp^ , pp^
in

r^
. . ^ Je^1.lYia[(V^.l , J.J/1. -\iV11^14rG4II^1S^fltiVl VlZiiJlaYliRY]lC llbir^-1]iiiS.lYll1W

leaker ferrocyanide tanks. Installations have been delayed because of the
Administrative Hold and completion of this milestone was slipped to
December 1994. This milestone also addresses the Sep't.ember 1934 iyA

- -- ---- - --- -- ---- ----_-__ ---_-- m:1e^r ..e ar_dn-Q28inst311ation-0f-Si7LTC tr^es-in-ferFo^vanirlP t„anlrc- -- - ----- - ---tuicwx:nrvaa-- ,-. ..^......... .

_ September 30, 1994: Develop-criteria for upgraded temperature
. -. ,. - . .

-momttormg ^apalsiiities-rrtYZrrocyar^c'e-zam
,
cs-tiYA-m,iestone M-40r02Aj.

4.1.2 Upgrades to Existing Temperature Monitoring Instrumentation

Y^^^e^^ >^rmin^. re ^ !' *d as;cs3,a^} v^;re; oislyi l sra..n ed TC elements in the
_o-'arla;nal 24 ferrncyar^;de_1anh-at the Hanford Site. The original and newly installed TCs
now provide temperature readings for the ferrocyanide tanks.

1--- --^--.^. ^-^^t^v^n in 1991 o;.each TC element in the then-existing trees to-_ _ -- __ - =° - ° ^ie^'me ce : :::.... ......... . .

determine the resistance and voltage across the junction and across each lead to ground. The
__..,.a- .e: .. .`L"""l.-Fll ,.,:.,,-^! -,.R ^ . . _ . -

and----- -- -------- CXacii.`on auin Va ca^aa ta-, waa ucl.crlltIlt y-resistatice atia Voiiage measut'emedts
aTi..^--ii innfi^ - •PG^-

FY
--

. .

kDU^xtt 17721. ,l,ts work was completed in rY 1y91 with a total of 265 TCs being
evaiuated: Work in FY 1992 focused on repair and recovery of 92 TCs that were found to
be failed or marginal in performance. This task was completed in Fz 19192.

• Progress During Reporting Period. No progress was required or planned.

Planned work for Subsequent iviontbs. None.

a P:nhtpm A^^^° and Artinnc Taken. None.
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N^7ectnne .sia#^v^, is tas_ is cottst et'ea to be wmpiete.
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4.13 not 3por iu2iwfli iviouellng

The decay of r-dioactive-mate^iais in Hanford Site waste tanks generates heat. A concern

has bPNn :vhether atrezotlcermic excu*sizon ana'slocai propagatiga-znight occur within the
ferrocyanide waste if there was a sufficient concentration of ferrocyaItidC and a high enoug}3

j3rzgent. -=1-3eiC-1^S^Y^;io;^j' vffi, or two instrument tr°e5 i.^. Lerrocyanide

-tank,--ar.d the t-re..Ps are not always at the same location. Consequently, there is some question

if sii=r,ificant heat-aene.ation^ould e:ist in Lhese tanks and not be detected. This task models

and analyzes the avaiiabie temperatare aata irom the ferrooyanide tanks in order to determine
R_ arr hsraa-aan--fe: ' 6 ^ c:.... n....;r..r..= t,^e hea. loa^^ tti i2 n^ a. . nctton oaf depth aiad rad2al lOF$u.su. Qua awau.i.^ and

^^ntetrieanmyses wu- ;t:clud^wdeteriiiine 'die magnitude of hot spots that would have to
exist within the waste to cause a propagatinQ reaction to occur.

State-of-the-art validated computer codes are used in the modeling. They are benchmarked
with existing data-and empioy two and three dimaensicnal eapabilities. Bo+.h s'Kady-state and
transietttmodels-are used.- -T`lreitttetttof this7work-ia to-determine accu-r-ate heat loads for

each ferrocyanide tank and to model hypothetical hot spots.

• Progress During the Reporting Period. Development of an improved model
for thermal analysis of the ferrocyanide waste storage tanks has been completed,

and the ^^odel was used to reanalyze tank 241-BY-104. This model takes into
-acc-i:t k'r'wn data concerning-soll moisture, wiui r^Suiting thermal conductivity

^,_chanees atthev3rious iocations^around the tar^k. a_r^,i the measured temperature

accuracies. it was-det-rmined-that including ^diant ;nd convective heat transfer
to the walls of the tank offer little improvement in accuracy. The heat load and
temperature history of the tanks are included since it has been found that the

;anks are not_as ciose to a steady-state condition as_previously supposed, and that
the use of a steady state model produces values for the tank heat loads that are
vverly-^onseroative. T-he-;epi^ of the 111odel development and tank analysis is

arff ulttde- L rrQ&r^ -"` :s -^ue!^t^. A!!dlys;s MM^e1 fnrcY ^1^9
__ -Fet?`bfqanide TayhyS wZf%! ApNCatkm 1n T,.r^h 'd3-&Y=iliG, vriit l i'oy

__ _ 4ff\ --J . Laa-1^
M1

r, ..,.. s , n°^omka• looz^v^-4 en k^Y3^.-anfliVaS pu& ... .'.Kra ' ... ,^...,.....vv. ^i...

Integrated tank heat loads for all the ferrocyanide tanks were calculated this
quarter using tank dome space temperature measurements. A report reviewing
this work was publicly released this quarter as Estimation of Heat Load in Waste
Tanks Using Average Vapor Space T>mperatures, WHC-EP-0708 (Crowe et al.,
.43?). Heat-loads-calculated-fromdank-dome-spaee tem,a*.:res correlated
_losely w;uo^ er methods previously used for calculating heat loads for selected

------feirlri;yanide tanks.
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' ated thermai heat transferlheatP^^ed :rorlt for ^bse^„^^•...... ..^^^^ths. - T'ne-upay..
• • •w ill • -• y , wtthrrrrtaN7•ha ^ '--- ------ - -- ---^--- -- ---- --------1EaGtmE.."el3.'I--6C,1![Il4''!f(Frlle$t-1LaLl a.. ............ ...CteY1S[I'S'- analysS OI

all ferrocyanide tanks. Two reports of these analyses will be prepared and issued- ---- ---
lator in FV 1QQd

Changes will be made to the report Ferrocyariide Safety Program: Credibility of

l1rYing Out Ferroeva>tide-Waste_by HolSv4?srW3C-EP-064R, Rev, 0(Dickinson- - - - - • -

--- °--_ .......... ...... ._.... .,.........
NL ^IL., 1TJ^^^ LV Stl4VII/Vl[RV Wlll.l.^iliW 1WVl.W liVl.l

Problem e^ae and sMon Ta!:eu P?one

e R^^lwtone Status.

-- - ----- --- Arr'il ,4 ,043; - to (1)
determine if there is enough likelihood for forming hot spots to warrant
_infrared gc?n-s of ferrilcyani]e tanks; and (2) issue a position paper on

, thnr l nt ^t^ nf nn P ^^re credihle_ _T_he-po,Sition paper;
Fe-r-roryanide Safety Program: Credibility ofDrying Ow Ferroeyanide
Waste by HotSpots, WHC-EP-ry648, Rev. 0(Dickinson et at., 1993) was
. .. . ^ .,.,..,
ISSIICA ADIll 13; 177J.

"sepiember 17, i993: Complete thermal hydraulic analyses (using the
- updated thermai heat load modei) of tank 241-BY-104 to determine heat

load and conductivities of the waste contents and issue a report, available

tot^Cpuhl3c, on the-res41!tS-OI-the-analySl£. ThP crn^ nf [(11S milestone

was reduced to one tank (fcom four tanks) and the date slipped from
ldovember--1993-because Of-delaY ^a inaievel 'ng -thethP nndatP.t hPat-r--•-- ..^..
transfer/heat load model. The renort, Ferrocyanide SRfety Program:
Cpduted=Tlt.emal= An.alysis-Modetfar F^r^^rmi, Y Ta>sL5-lvith AU,Plication
to Tank 241-BY-104, WHC-EP-0669, (McLaren 1993) was released
December 29, 1993, to meet this milestone.

December 30, 1993. Complete and issue a report, available to the public,

of correct.ed thermai analyses of six feaocyanide tanks (241-BY-105, -106,
-108, -110, 111, and 241-C-109). The report Ferrocyanide Safety
Program: Heat Load and Thermal Characteristics Determination for

Selecter#-Tanks, WFI£-EPd3638, (ARc€.aren-andCash-1993' was reieased
December 20, 1993, to meet this milestone.

DPegmbg,r.30,.1903. _t`mmnlPtP aIIdls&u0 a_rOpprt to the nnhlir on the use^. ..r._.^ . r ..,._..

-bf-lazlk domespace-temperature-measurements -to-calculate-integrated hPat

loads for ferrocyanide tanks. The report Estimation of Heat Load in Waste
Tanks-71s:ng-Ave.rage -Yapor-Spa.,t^^ -.TSrnperatrtrQs,-VVHC-EP-rnng (Crowe
et ai., 1993), was released in December 1993 to meet this milestone.
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--- - --^^---- --- - ------ . . ^,
;tuena6analc^ and 'Ms^^^_^ ^- ^Q.^Ptpete a^'L__.._ _._; ssue an update of the

report Ferrocvanide Safety Program: Credibility ofDrying Out
t(](1 J L•-

_ (11A1i.R111.]^[^^-^L.a-17Z_7},err ri1vC11 111r

pubiic reiease.

June 30, 1994. Complete thermal hydraulic analyses of heat loads for
nine ferrocyanide tanks (241-BY-103, -105, -106, -107, -108, -110, -111,
and241-C-104a_nd -112) uc;ng the. updated thermal model, and issue a
report for public release.

cpptEB}t}ar A 1994, rnmplete thermal hydraulic analyses of heat loads
for-iill reinaining--ferror-yanide-tanti^ and issue a report available for public
release.

-a-i a s^A.! °d Scanning Svstem

Ir€raredscanning xystems are comn:erciaay avalable from numerous vendors. These
sysxms z*P sensir;vP to changes of ±0.3 °C (0.5 °F) or less under ideal conditions, and

F ^-" - PrVoM;c° for MA^^J1lP̂g!lR3V1Vi-YlY8N^3 N V1uv-U ,urface pr^+^les in the fettooyanide tanks. Thermal
-- ---- -- ---- -------- n+.ode?ing performed-on-ferrovyanide-tank-241-BY-104 suggested hat, if hot spots with

==-tempel-aturesnfcone,.rn-an° possible,-sur€ace ternperaturt-d•,fferences might-be-great enough
to be detected by infrared mapping.

_ ^A)JlLLI!!l - - -The ^^° '^^ paper on the credibility of hot spots and the need for further infrared (IR)
s annino w^.c- cosipleted-and issued, Ferrocyaride Safety f'rogram: Credibility ofDrying out

-- --- Fe.r .roeyn^ i»n.d-s -Tsnk k!;..ncib /ni Hot nnta (Dickinson-_ -= ..., .,, ...,. .,,,.,., ^et al., 1993). This paper examined
pal concentration mechanisms and determined the degree of concentration required to
produex-temperatares hig;[ moughAu-dtythe ferrocyanide waste. The paper concluded that
Such rr;srPntrs' r- s:iw:-r^ :;PUc3ii}j&,7 °^73"sedoll-thls report WPaYinnhnulep Nr,nfhrd

nn„_ -+ ening ue pui$ue.._.--'-= ^l^F:::$gn•i:cuw-u[c vc^L`-a^I.- t-^!^. ^tf'.=r ! - "l^- fvriTul[aa sCai[s for the

piirpose or uetec;ung not spots.

Progress During the Reporting Period. None.

---- :-- Planned Wor'n for Subsequent Months. A draft report on the infrared scans of
tank 241-S-/^1`1( 0̂ , Application of Infrarêd Imaging in Ferrocyanide Tanks,

---`___-`^ ii1ZG-E1p-"UJSJ7 vYaJ JYVn[LLCW ltj-L^j^it^jpl,y(yY 177J.- 11113r^.pQll is Sttll

- -aivaiung Dva review berore puoiic reiease.

• Problem Areas and Action Taken. None.

• Milestone Status. All milestones completed.
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4.2-CON11WdUS'1ENUF,RtiIrL7KN; iV1V1V1"l'Vlt11V(i

rxRr.n.m.mPrx,c€fio>'t90-7^] !rl:Qlllll have riniinUV'iu

• -•^-• ---•--_-7^^QT^'c€f rnn;{n::.....rc »,nm..sd n».l»,..re-seeas ha^lYQli 1u^StFlta^at(iycrinuueruavauuwcdl0CaI1QA-any

abtzoormaily-hiQk temEer-arares a-d-any failed temperature-imtr,«;er"ra<iQrn. N

.
--------------------------- ---1s-1 c-w

,
-provi,ecnn t-' muous monltoringo- precrntly inatalled ^3nd operable) TCs for the-° -

k-a-:^yanide tankQ, New TC trees will be connected to the system as they are installed in
each tank, resulting in continuous monitoring of all TC trees in the ferrocyanide tanks. All
data are collected automatically at the continuously manned Computer Automated
Surveillance System (CASS) Operator Control Siauon. The monitoring system is
itidependertofth€ GA-SS and-capable-of displayi;.g-data-taan-opeator-on-request. Trend

-- - -- -- - ------ __ - _=dat^a_nn Sel0CtPdnnintc are availahle for disnlay- in nllmCric or graphic form.t,..-»-..., f ...........-..,4 .. -2..

.... . ,.- - _. . . . .
The system; wiiicn-oecame operationaiin

..
^eptemt>et f

....
^i, hasute caacity to assign alarms

for a change in the value of any temperature point. Alarms, if they occur, trigger an audible
annunciator and are lagged immediatelyAo h°nd-copy.- -An ala„-n su,,,mary display provides a

- list of-the most recent alarms in order of occurrence. Each alarm can be identified by point
and time of occurrence. Operator acknowledgement of the alarm will silence the audible
^nnnnrieinr---------- -------

Signai conditioning and -muitipi.exing are performed locally at each tank. This eliminates the
need- to u'ansmit low-level signals to the tank farm boundary and reduces cable runs.
,.

. . .
.fctftlnii -nota,- @xteiisl0n-wir.-cG3rio3ion, -a,'ldillermai gradl0rits-are-3lSo-redUCcd.

_= Five=BY=--r'r-aartn=tatiifs +xtere-co,lne=te to 'me-system in September 1991, and an additional five..
in Le£$m.",er--. . :t1eSB F,n•'ikS :nC1uCe .I.4';:^^V-i03, - t^L4, -iv5, - itiv, -107, -10$, -110,

-111->-arfd -112, Ta:.k-241-HY--105 has two-0perating TC t ws. Eo'th were connected to the
Tank Monitor and Control_System (rn,tACS). In April 1992, tanks 241-TY-101, - 103, -104,

------ and 41-TX-1 ? Qwere connecta+ to the systent aru are now operational. Four new TC trees
- ^nstaiied'in ranks2wi-i^Y=iva,--ii0; -iii; and -112 have been connected to the TMACS.

_Thi_a_maices a=totaL of _ 13 ferrocyanide tanks( 1o TC trees and two LOWs) that are now
m^^:-t^:P....-r-- ^yYhp'1:AlAf'^. TPn:pVrgt,^r^ rr`adings from the working TCs in these tanks are
VI.LLIF, LWVILLW lrVI1LLLLYVYJI^'.

ii^". '^uc."$i,irivi 2(Sn1Pt,'ttol-Oi' u,c taiuy in

-_.$X Farin--is-contimfmg-. -Jeslgns-for aliotl•ier -tank farms-ars-co:upiete. No field
-work for con:lMtion of'11^,:ACs occu..ed this quarter, because of the

- -- ---A'ilnSliiiCtra ^ - work !- '`- '--'- `--.---ttve Hold pl^cE,i-on worx in the ianx ,arms.

•-PYanned Work For Subsequent Months. Work on installation of TMACs in
Farm-ic afitiristiatad t:, +r- --- - r....... .., ..SIIhe ln J3nuaiy lY`l4.

• Problem Areas and Action Taken. Work within the farms is presently
restricted because of u'te Administrative Hold placed on all tank farm work in
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T _ I I _.. ...J ..o.. • • •
-- ---- ---- --------- --- AitgtYSL1993.^±oweYeaw±rk-is slowly Icsululu as pIloIItles are set and work
--_-------- ----- ----------- ^ -a.-..-_-at ora

____s__ Myla„„ctnnw Rtatnc

.-_----'- -^--------^'-_-. _ ._--- ----- . ^....^..,.. ^
- JnIy 30, 15rJ3: l;omplete msiaiiadon or Ima,w tor the four

"` '-. `-`--"-- -"-`----'- ""-- ---- -. ------Cue"v.yan:ljP r9A1lC in t' Farm All 12 tanks in C Farm are being., «^ ^.^ ^ . _ ... .
connected to TMACS. This task is behind schedule because of the
AriminieMativP Hn1r1

August 30, 1993: Compiete instaiiation of the TMACS for tank
.,.. T.,., ,,.

i.t$` hedule b^us@ of the A im ninlwn}ivn
_.L4I--Y'YVY.___I--ta$k-t$be. - $C . ^uuwuouau.a.

-Hold.

- r1-^n 'i°tY SdCS^gf^^^_-.><a,=1_t^. _^ ^i6n and ^IStallation of-the TMACS for^`3Q _ ^®-^' - ^- ---
•^ two fBfroCyaYtide i2nk5lri tlle $n Failti: It1S'i3I1a^0n hag beenLIIG l d"ciayc"u-- --- ----- -- -

==-=ba.ca,=-of-tkAdmi1'ist.^tive_Hold in--the-tank-farnts,

, 1993: Complete installation of the TMACS for new TCSer±a^ber 30
trees installed during FY 1993. This milestone has been delayed because

.
- ---- of the Admmisiiauve iioid.

--- Sept€m:rer=3fs,1034:-=-^^mpleie-insta^ation of `I'.Cs -for=the four
-- ----- ---------- --- --- -C Farnn-ferrocyanide tanks,-one tank in T Farm, and two tanks in

- - - - ----- --- - - - - ------- ------ -- --- ---
' ^r '• • - -^ j^:7th'tii of for new instrwnentl^eme^ a1.r9^t: -Co^zt^letx-tnsta------- --

trees installed during FY 1994. in addition, this milestone address the
1F,3 1993 rA milestone M-40-02, upgrade temperature monitoring

U-. :-^-:
avyv^."w'S2l^.O ... • V.M..C :..: i^.a.

^i
A

.J Z;ar^c.aa
^f /^nTTCT) A 0 A.T^T1L`T ^T/l

"-]1Tltr'dL+lteid.p^b7t=3^tou^ n}rn be [n-'t!>i:ea-%o-T3ioYfitor the Conposition of cover gas in the

tanks, to establish if/lammable gas is present. "

4.3.1 _ Interim Flammable Gas Monitorwg

The effort to conduct fla;a;l,able and toxic gas monitoring and analyses in the ferrocyanide

--- --- ------- -- --tanks-is-continuing. Most of this effort was transferred to the Tank Vapor Issue Resolution
---rrogzamrwnicit-is-LOOrdi_nafiYfginterittt$as_monitoritlg-of the ferrocyanide tanks. Tank

vapor spaces are measured for flammability using a commercial combustible gas monitor

(calibrated with nentane gas); and are monitored for notential toxic gases using an organic
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_ .- .
vagor-tttomior and "r'^rager^ubesas^equ

, .
tred-

.
byihe -saiety-assessments and- work procedures

r-^pa^-"#iciilaracEtvifyw -De1•eiopment and e•ati^atton -f a4ternat3alP f? aivivgie$ for vapor

` - - ` ., _.. ...,. _

fhe ;n;nat yapnor_space samplingwasslonein sevr,ral tank locations (i.e., from two widely
_-eparated-risers)_and at three elevations in the vapor space. Review of the sample data

• • - -• - • ':ndzr<atesl.that^ritplritg t-m,-n_Y*:ser was adeauate and the number of sample elevations
1,.. _,..,..,,,.,

ulaY llc iCAIUbG{ Ll µlp lµ^Ul^..

To_dale the vapor snace in 11 ferrocyanide tanks have been sampled. In two of the tanks,
_therambustibkgas_ ralyaesread?ngv;as_r^_rted as one percent of the lower flammability

T>? a_ 4 fJ ,-- - 1 an' J ^ 1 M C
the LFL.-` limit{^iFa.^ aitu all"^$tiieri2fgCic-.-yaniuc ^^as a$RiiiCi-wnwtncu ^ i -ro of uic i.The

maximum reading for organic vapor was 350 parts per million (ppm), = 0.035 vol %, in tank
241-BY-110, and all other tanks had readings at least an order of magnitude lower.
Ammonia-hasbeen--detected-irrseveral of-the sairrpled-tanks;-therrraximum reported value

r.. - - J , -r_^rank tat-H^=r1U. 'rlictne^d.iuriu vaazues in tne other^=tfitiilaie4a5-hi4 ppm, A5^
tanks-sanged-from <2 pp,^t to 250 ppm. Hydrogen cyanide measurements with Drager tube

__-monitoring have alL been below2_ppm (the detectionlimit forshatmethod). Two rankc;
- -241-G-10S and --11I,-haae been-sampled-a.*td-analyYed with a-more-sensit3ve n;ethod-an.d both

.
^--^

' .
vt. .. n nA - - -- --• ^ - - . .

-vi^1^ .evc'ted as fe$^ uaaa.u.v. ^ariS per b1111on (t.C., < 4U DArts Der trllllofl)._ Table_A-2 in

r^ppend'sx A-reviews gas analyses for the ferrocyanide ianics sampied io aaie.

s----j':og----!^-llP..tl! KeDo1't111gFerM..No Cort;-.VYll{lg-tlii i..iuuuiieiit uw

itis^l^ost-w^ ner orm2d ctris err̂tarlmb^useP^€it,e1^$ffi3ilst^tivF_ nitid,i--`--^^ ^_..^---- ------- --- -
Therefore; there was no need for gas monitoring to support these activities and
Co add',tianal-ferrocJanid°ct$f11C'v'2por space samples were takcn.

• Planned Work For Subsequent Months. Flammable gas sampling and selected
rioxtous gas-moia:toriias will be donc, as required, to support planned core

-------samntinv-an p.-r__.a dhermxou ^^ ^ 1°-{ree--in$*ai.llalon:--T13is-WCrk-is--SChedule.^-L@r°suaTic
--r^.--_+• ....-° -__ - ....,.:, .....

------ =i^'^---'

^ _7--_).•nbl°" i=a.°a.°-t.°r"ud Aa.ti-'.3n$-Tokun NnnP

• Milestone Status

- Septetnber 30-,-1$ois: Complete vapor space sampling of remaining
a ^kiq m

•° - " 1 art;^ifiit^a^-- - ---- ---^ - ------ ya`fa, li3Yl^av a_rpn.aa raa-avuuS^e___h_ ___..._... ues[one- ---- --- - -- - -^ - -••
- - - -- - ^ - - - --- - - . . _ _ . ..... _ _ . .. - - ' - - -?-nre$$e$ the iVOYe-mt3er ii^i^?i ii.D°i miia°$tvn^° .Ri-4n n"i

V VJ.

;.^.2 Contt:uoa:s a xas Monitoring

_:__ __ =Options fox imstailurg_a_gas monitoring capabiiity on new thermocoupie trees have been
reviewed and a heated vapor sampling tube has been added to the design of future
instrument trees for "ierrocyanide tanks (see Section 4.1.1). This will allow vapor space
sampling on a continuous or intermittent basis. However, a definitive decision to monitor
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contnuously orjust occasion^ly has not been made. The need for continuous gas
nionitoring will be addressed in a study that will address the potential for cyclic venting and

the possibility of accumuiating rlammabie gases. Evaluation of gas samples secured to date
for tanks 241-BY-101, - 104, -110, - 111, -112; 241-BX-106, - 110, -111; 241-C-108, -109,

---__---"1-il,-1i2;2.4i s-_10i, -107; 241=T2C-118 has indicated no need to continuously monitor for
specinc gases.

- - -- --- - - - - - -= The possibility31:a€-1osaLz,:dr.onsentrations_or ssaatif--asion, uf_gases=exist in--t_!l.q-taRke-kas
----oeen evaiuated.--A modeiing effon to determine airflow patterns in the vapor space of

C-tf?9 wa_s ,ndu^.ed to eva:uate the amount of mixing and the local gas
concentrations that could occur. 1'he study revealeti that the gases in the tank are well mixed
and follow Graham's law for gaseous diffusion; therefore, an analysis of a second tank was
deemed unnecessary because of the well-mixed environment calculated for 241-C-109 (Wood

• Progress During Reporting Period. A study evaluating potential sources of

-- ;a: m:abie gA^wP^s inclnding potential cyclic venting, was started this quarter....
Sampling data is being.exatnined_and the renort will document the need for
Contitiuotts-vapbr Space monitoring of seiected ferrocyanide tanks.

Planned Work For Subsequent Months. A study to determine the need for
continuous monitoring instrumentation will be completed. Continuous gas
monitnrina uill hP implementPd^--'n$elected-tan1E$, if R=e$$al'y.

• Problem Areas and Actions '1'aken. None.

• Milestone Status.

Afarch 31, 1994: - Coe,plete an ev^luatioli iepCrt to -dete. mme
gases, - if any, tleed -to- be sontinuously -monitored on- selevted--ferrwyanide
tanks.

'n na..l .aen^ ^ n..m m^nilnrinn
S^ -i>i3. --w.^avlrm^u uwl^n(y.ol^lnuvuo m bvauwau.

_
(if

_
PlllllTlillPll^ 1]j T'(Ylulred),z--r ------• -

_-1

September 30, 1997: Install continuous gas monitoring equipment in six
tanlre (if rannirPril......... ^.. ..,y........^.

- - - -- - - - - -4.3.3 Tank Pressure Monitoring

The Wyden Amendment (Public Law 101-510) requires that "...the Secretary of Energy shall
?tft,w^;; rv;:eh tanks :.^riu^ lugve Q serlowpotenml ^^r feterue-vf high-le^^ei wriste

---- -- -----------due-to-unwo -Vahed ;.'>..̂ .̂...c..̂ ..̂ of.. pressure. After completing such identiftcation, the......

-- --- -- ------ -- Je! reIQ'y ShQI'1-deleR!li7? wnvrnvr rnntim^riy p1priIf011rig is being CQ17IB(I out to detect a
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release or excessive...pressure at each tank so identified. If such monitoring is not being
•_ - «.,...,0r^t - ne ^oor ^r RsT^r"rnla.r° t Q r 7= Ee1T'r{2^ _ ..., as

t................. li., u^^Fetft)` Sri{fi l^i.frfrr
Il ..,,.. f.
such nwrruvr rnx... .

-- -- --- . . .. .. .^ ..
1'he 'errocyamde tanlcs were inihally Ident121ed as having " a serious potential for release^ and

---- -- -- -----were-plac.ed ontheWatchl..ist,h4waver;pressure monitnring capability does not presently
-exist-€or- the tanks. It would -take -several years-for-the-iristallatlon of pressure monitoring

. . . ,
--=-ltlstr+imenta.̂otc; along- wlth conn^tLon ,o a-contmuously- manned .ocatlotr,-because-o€ the

capital proiect time cycle._ Sufficient-knowledge of the safety of the Ferrocyanide Watch List
--- -- --- -- ---^tls exists at shas t?ma-tr? r_*-0po^.^ Closure of the USQ (see Sectiotl 4.0): Because €If^`aste

-aging; :t is possi'31e that all-of-the ferrccyanide tac:ks may now e;,ntain less than the 8 wt%
''^°'x F^^^°°^ '° "TM ^ified i n the fiuel° -:I.L niis^,xa,rxwj..,..uvuyw criterion^ ^t iterion for the SAFE category. It is

anticipated that characterization (core sampling and data interpretation) may place all of the
t2nkS LRtothie 3AFE category. T'i1i$ woilld be Snfficieflt to icl-110ve them from the Watch List
'^r? °;:'^:°^'° •'-° °°°a `:: rnnrinnnnc nracenra IIIQRItOflnF.

: - - - ^---^-Prfrgsess-Du.=;ag Rcvoning Periad:-A-sta(1yi5-being cvnducted Will Will
EValtiatE ti1epQieniiai iQi inc generation of flammable QaSeS that miQht cause
pressua:ation of the tank. If the results of this study show that 25 % of the
lower flammability limit is not exceeded, a recommendation will be made that no
pressure monitoring be instaiied.

-: Pianne$ Wrirx For Subsequent iviontus. Complete study on evaluation of
tlammabje gag_PellerltiQn BILdthe-need-f0rcontimirnis nreg.atirv mnt}itQI1nH,

a Milnetnnn Ctotne

,"23'^^^:--^!^: ^^fP^i£^ca^i^a-ires sî n^.a^-^y;`^nfiitiioiiS iidt7u7iaii(Z

gas-and-gressure manitoring-of-feraocy_nide. tnnks.

^ .. .^.._..3^_,_. _¢^9>4n,- 'n°•..^^ • ^ . . .^ec ^̂
zlrc rru7QLLQ_T'!LLg for al l - erfQ'Gy3.nt^e

tanks (if required).

4.4 FERROCYANIDE WASTE CriAicni: iETc12AilvIv

-----^- ------ -------- .^tle p--T-'ogla3?! r8amp'Lin8 -t6sL°, Co„.ian,iS n,f vhoca ,anks should be greatly..wF} accelerated. The
proposed schedule whereby analysis of two core samples from each single shell tank is to be^..__. . . . - -:_^ :,.---_-^_-°-cvr..psuca 6y JCptC^nber t^^(y`-15-3'erlotlSYy T%Ia7LCC1l7(!ie-ln llghl of the URCCrtalntlCS as to SafCty

ofth.ese ;ttnk. = t7dditional suiiifiles are required 41 S6veF4j Iad71 and at a Faltge
of elevations for the tanks containing substantial amounts of ferrocvanide. "

t;harae e'z tion-of=t-he°waste°fn, the-:`erroc;mde i:i:•:s is necessary to (1) guide further
cheaiica%reacuonstuaieswitir we ierrocyanide waste simuiants; (2) determine actual waste
chemical and physical properties; (3) determine how the ferrocyanide waste can be safely
^--- ina^. _' . ' -- =las,a ^y-=3:^ ,̂ - --. ..1:t^_'-^-.. - ; :_ .. . [nr__'4"LrLKS%Wo^QlQingly; Ln^i1- T^,rnedala.rdd:3Y^^`,,..i' aCiiun^ are- --- - -------- - =- .



^x^trr-^n_nn ^n _ 11
______ ___ •_4335: Ll--.. -

completed; and (41 apply _the- study results to the fmai remediation of the waste in these
-tardcs. ICttowledxe of the concentration and relative position of various waste constituents is

aiso important for determining the potential for chemical reactions and resulting
consequences if a rapid exothermic reaction should occur.

The important reactive materials present in the fenocyanide tanks are fuel (fenocyanides,
.,° nlQ^^^r :^

at;^ s.
si,:x.ac^c^..^ 3S'1^$tlczolt,. ^iuuate"s and

nitrites), and inerts or diluents (including phosphates, aluminates, sulfates, carbonates,

oxides, and hydroxides):-sfhe locatioir of-tissionrt,rodnets such as t"f;s and -^Sr-isiraportant

because :hes.,- products are new ;ources. -Theie location is also :cnportant because they are

--- - potentiatsource-terms-in-postulated-radiologicai-releases-from-a-hypothetical-ferocyardde
-leaction, The water-oontent of_ the wasteis very important because the high heai-capacity

w^1MuLand-#he^trf vaz?ori^tionWwater^tak^it an e€fectiy^iner~yng-materiaL--^"°•°_ -•°-•
-_==--Catd=preverita-SUfia.a2St€dEoRtY?uSttonorapropagaung reaCLon.-Wet-feri!u'Yanlde.matanal

..-......^. ..^....^. .. .^a.. ,...............
----- --- - - -- ---- --x,r-aw2a .^,...:.^ a_.i;;o tiec.e :. ,.,,..tA . ,,. .e

^.'iJ'.°b pu-ti.....:-^--^-.,- o___:--------- .

A A I rnen Comnnnn

The current schedule for-ferrocyanide tank sampling will obtain core samples from all
ferrocyanide tanks by the end of FY 1995. Both rotary-mode core sampling and push-mode

-coresamrline-ranabiiitv-wiii-be-availableitv-MacFh 1494_for-obtainingcore-sampler} from
the-Watch Iist-tatiks-Tanks-withoiii-q?ltcake and with relatively soft waste solids can be
-core-satnpled-by the push-mode meth,od. If a hard aalteake-iayer is present, rotary-.;.ode
aore sampling will be used. ine first ferrocyanide tank scheduled for rotary-mode core
sampling is 241-BY-104 in May 1994.

Each core consistsof several 48 cm (19 in.) segments (or portions thereof) depending on the
depth of the waste in the tank. The sludge layer in these cores will be divided into four 12

^ a` '- ' " LAo It0 in1 If the t2nk bontains a saltcake^t t{^. r:j^tibSegttlet is i3g e<:^nca er^^., J^ b ••••,•••.
layer, the saltcake segments will be divided into only two subsegments. Process flowsheet

_--^uu2^LYedge,i^3n^h1$tQrlcat-dat2;and-IeSnii4btai3tEd-frOtPi tebtS :viL11 c.-.yanide sludge

stmulants-are used to supplen'ient the aFiaiyttcal results from core sampung.

- - - - ^ - - , . . . .
ir.e p:^o.ty foc sa.LVl:ng ter[ocyantde tanks has been changed to reflect the need to
determine the reactive properties of the contents. In response to DNFSB
Recom.:tendatior. 93-5{D8E-199,4 to expedite sa.:.pling and analyses required to address

= safety s^te^ ir the^Ia`:a Siw Watch List tanks, the analysis plans for future ferrocyanide
tank core samples (and the plans for other Watch List tanks) have been revised. The Watch

° Lis-L^' - °`--° ..-°^ analytest$nk$ r^Iai'e--lTeen-gtven-p ar`i^irttj'-fOrG6rev'alnpimg, and=.ne Ft.^n'i^"ic.Of acalui.w

nwasred'ucaa and relo\.uJGd on safetv-related properties.

•-Progress inrring Repoeting Peciod: A DQO document, rerrocyaniae Safety
n_.. _...... ...,. n,. ♦ ' i... . T....,.7..^..7= zTUgrwn: -

ii
riiuu rcequirentellls or s e^'eiY'o^(!rit SQ ef lj' IJJ14G LGYGiV1JGLL

J'hroughlhe=Data Uua[ity Ofiiectives (D12O) Process, WHC=EP=0728 (Buck



W14C-EP-0474-11

giaL,1943,Lwas_publicl7released this quarter.- ThESeportprovides a starisrical-- -
vasis fyrthe number of-Gores r€qttired to-characte,*ize-thg-ferrocyanide r.'-nU

waste. Based on the distribution of analytes shown in tanks 241-C-109 and -112,

...- .. . . -•'-•._. • - •••4tiV t'I{.'tl^^'^^VViVJ-]^Li^t.ll "lV-YVIVl`tIlfiaV-L
th.
.V fuM1-Ynd 1llVfJmre ^^41lleJ for each

ferioC;yanide ianif is two full-depth CoieS, taken from non-adiacent areas of the
tank.

The laboratory± data_package for tank 241-T-107 was received in late October
1993. Review of the data package and preparation of the data interpretation
renort was initiated this quarter. Preliminary review of the data identified
cianifcant va,;ahilitv among the analyses. The variability can be partially
attributed to problems with sample recovery. Sample data that illustrate the

.. .... . ^ . .
r iv.. r ennwn in I ania a^---- - ^-- - a n .,. ,,r.ty ..-- - ^'at33. ^^ ...,......._........

- --- -- - - a aute *r`i: ^-ur-- aattipte = 'e -i7ai1 Tafik 241- - ------ - -- t; -- yS83 Gi
c

- -11-1107

. I t.VrY-//- OGb'mG11111 ^ -3at.lplG ^• ..Vo.uine of . .I 'dVater, tit, T-.-1 !v 'I u^ .,yantde
Tcecovery iiquitiin Sampie iniiris (µgjg)
tvoi7oj ^voi70j lwt^bj

50-1•- 34 30 18 49i

nA^-
v 04

-

_ SU 3 96 95 43 43

50-4 67 99 IS IS

C, ,
.ii=i--- -i` -

n

'V----
^.n1- - - iV5 - - - l'V'S I --- - NS

-4 (_'n-- -• -•- 4601 --ec

3:°5 -- --1tiii - 0 - 54 106 -

t G1 A i^ 0 52 74

j--1- 43 s- -i 17 31

- Ji°i ^ -
-;_ -

I 52-3 I
-

. 95 _ .
- -

53 - - _ 49

; - 524 651- 47 - 59 _ IS

=ine desienauon -i represenis the upper most segmen[.
Ta -cr _
IS = insuii>cieni aampie
NQ Mn Qamnlu-_._. .... - ..v .aya..
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Only two cores were originally planned for tank 241-T-107, but poor sample
recovery from the nrst core (core 50) made a third core necessary. The percent
recovery-data Qf-all solids for core 50, segment 2 was good (944'0), but pressure-----

pm` '^----i_n the-satn_:--r eclecisome_inatesiadurin^extsusiomcausing-lossof^ample.
Segments 3 and 4 were over half full, but the percent liquid and water data
indicate_that_tllesampleivas_mostly-water and supernatant liquid, not waste

that
....^......i ..°--- 3s^:-^° .......:.......:c .a :sa uic u

y
Su PStS P^m^ u

^L
u
.
wau;l used asi .r..^ m{^

^^
hydrostatic head fluid contaminated the saniple. Hydrostatic head fluid is used in
the t:ush mode core sampier to prevent waste from entering the drill string before
the

-samn-lie-r- ° rPa-,v--me ic n-

Core 51 achieved slightly better results, with complete recovery in the lowermost
segmeniS. --Ttig-first segmeni of core 51 was enipty, but this may have been

- - ofcaused by theuneven surface of the waste. This may also explain the low
recove^y sw,. in ue first segment of core 50. While the second segment was

------ ---------- -------- --- -------over half full, it was mostly liquid. The high water content indicates dilution
• .^_ ^..^

-Vi^itl'i'watef-ffon'i uic uY ---.-.:-UluNGIuu ucau llwu.

The first two segments of core 52 recovered only about half of the solid waste
that Was-e .,^_d._XTM'r+^.--I2eClvery-fLr Seoment- 3 of rnrP 52 was all

1 solids, but.._ ...... ...
segment 4 recovered mostly liquid. This liquid is most likely hydrostatic head

Di_fferentiat scanning caiorimetry analyses of all the quarter segments revealed no
exothermic activity except for core 50, segment 4. However, the analyst
abserved that the only solids recovered in this segment was a smaii white piece
Gf-piastic,-whicn is -not -representative of the tank waste. This piece of plastic
exhibited an exotherm when analyzed. It is believed that only a negligible
?mount of tantr wa%tP .sludge was recovered in this segment.

Recsansisierat.ion of the discrepznc_.ies in the. wacte analyses will rcquirc grMter
than pianned effort and will deiay compietion of the data interpretation report.

- - -_ , - -
Tnettme_perlodtocompletethe analvsis depends on integrated support that is

currentiy being negotiated. Re-sampiing of the tank_may benecessary,

E`v€nt^¢y, but this-:g-r...t-^ hig;l-prtority tanlf b°^fiiise of its low ici7uiySllidc
1nvoTtnnl

• Planned Work For Subsequent Months. Review of the 241-T-107 sample
__analysis_data will continue and a data interpretation report will be i.,,ued. The
work to resolve-tlie poorcore recovery issue is connnuing. Two ferrocyanide
tanks are scheduled to be push-mode core sampled in FY 1994; 241-C-108 and

• w-.-^iI It 1S pre^Iltlj $ li2E:aYd.w u.a. u^u-iuaide-COre^mplln^-wlh Yesllme in

March 1994-
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Efforts=to prepar-e-tl`!e=rotan.y-,_.e:ecOresa.m.ple_systemforfield are continuing.
_,. _

. .. ,'°:, and the..rs......,Xy^l..de tankRotary=mode is expeeted io begtnJrr Iv1al-ch 1994 al. ^

__ sched;.le.c: samplirlg is 241-EY-1E4 in ^v1ay 1^}94: All com sampling of
Watrh T.isr ranka is scheduled to be completed by the end of FY 1995.

imobtem Ar€as and Actio^s-':al;en. The .e:::. :`•o.:l:ed to examine poor

recovery from push-mode core sampling has been dissolved after serving its

purpose. Issues are now handled internally by Waste Tank Sampling

Engineering.- Performance testing and evaluation continues on the redesigned

nush-mode core samplez. .4 ieport on this effort is scheduled to be released next

quarter.

• Milestone Status .

February 28, 1994: Complete interpretation of ferrocyanide

tank-24i=T-107-ana-tytical-clata and-issue a:eport clear°.,d for publi release.
-niainiIaoT ^, ^. - flolr! ^ ^IrG•NUIIpIIr9r.,:G-,u=,z„',,^.^wa^z=UEFEr^e^-SeptembeP- 1^^3 17^3iTSe ___

and the laboratory data analysis report were delayed approximately four

months.

---Se-ntember-30, 1994: Two full-length push-mode core samples from three

additio^• a: fe ^yanide tanks were ar,ginafly plailned in FY 1993. The
following order for sampling in the tanks was planned: 241-C-111, -108,

and 241-EX-102-(note:- tank241=BX-102-haa been recommended for

removal from the Watch List). Problems with poor sample reGovery and

the Tank Farm Administrative Hold have delayed completion of this
milestone until FY 1994, and only two tanks (241-C-111 and - 108) will be

efim,^l='̂ ur uu511-11uuc.

m- .r... fGRM\ .f Fll 4p..mber 3 o-, 14 A , S^t• ^ GO I^ _ _core sat;t Pe -m r
ae ra. ^.. . ... ...-1b11W, O1l1YV- -- - ^: • r,.rySeptC

lall,-_ /.1A1 ']V ,/,A 1l1L '1 10S).lCS kLY1-D1-1VY, -1VV9 arlu -

September 30, 1995: Obtain core samples from the remaining
G__.._..._:A.• 1...•1...
^cllu:ve^uuc ialllu.

- - - ^ - ^ ^ - - - - - - • ..,. _ ....,.t: ..
- i5 - --------^--- ----̂ '^CC.. ^y1:^omT^l^^`r ln_terprel1t16n3eps^rti,a^r _ le lcin iuuuc

fnr riveferrncyanicjg tan'KS _(24i-i;-i i l, -(:-IOR, 241-HY-104,
_,,., , ^_,_lc.:_ ..c.L"- ---°-°- ° ------- - ,.<,

1.0^VO, -tsr=tt`^^)CGmpuuu of ulc Lcpulw for the C FarmYTI°i

ferrocyanide tan.s should allow Westinghouse Hanford Company to
recommend that the rerrocvanide &a^tv Issue be resolved for the four

C Far-m tanks.

August 31, 1995: Recommend to DOE that the Ferrocyanide Safe'ty issue
_-,-.-^ L--

.L- L....^ n n.._.. ...._L..
--- ---- ---- ------ - ------- --------- 1$ rCSU1VCl1 1V1 U1G LVUl l.. L7d1111 lQl1RJ.
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February 29, 1996: Receive DOE approval that the Safety Issue is
,rcsolved-fnr the four_CFarm-feIIOOy-anide-tanlcsand-these-Mnke can he
ramnvarl frnm tha Wntrh T ict

---des+ 2R--T-44f• O^'q'°'"^" data m Fin_It fnr n,^hlic„- s--^-.-.^.. -t,^sst,ur.ecuaen teTpFCta-reporl5,-3vallflble Y
release, for the remaining ferrocyanide tanks.

January 31, 1997: Recommend to DOE that the Safety Issue is resolved
for t.he--remaining-ferrocya.nide-tan.k.s.

^ , .,...^ .. "n^ "....r .-- ----- - - -- ----- ------ ------ `------JiityJYy-f^f:K2CeYVc uvu ayy,v"v at the Ferrocyanide Safety Issue

=is=resoiye.d-fnr-the-remainina fPrrnrvanirie tanks and these tanks can be- - - -
removed from the Watch List.

aa,2 1Pat;m.st:on of Moisture Content

.
^r"^' t'^^^^nnric i : `- . • •^eu; s- r^term*nmg mtnst--- ----- it. rerrocyanTae waste tanks are being

a^^_ ^n^^^^4{^^:9 M^^g^llS^n(r^^^^"u:i =1 t1 V Tn :t{Etfi moisture, W^̂nahy^ ^^ a.^,^^ _
Tnonitoring !.echnologies--are-curreretly-being purs•aed-by th.e-ferrocyanide-proga.:., neutror.
diiIUSion and-fieat inifared- fiVtR) SpcC'uus-Cupy. iidditional moisture monitoring

tce131431^i -i ^yil! 33 i's&di_Yic^av=, f fl^iHi3t7gef1'lRTfr:,"as :e:c'siiirc,7:e't` eleef*l,rti^.^- i^
eonductiv:y, a:.d ti,.e do:,,air, reflectometry, are being investigated by other programs.

- yPli-ioggin&tec"ssiques; eaiapied-witiT cotr3puter--inede:ing,_-az•e=beingdeveb^„ed and "aDDlted
to an existing neutron probe to assess this probe and to determine information about moisture

.L..- . . .

----._...--_- .-_-:evglsxfr.ate^al^3terfaces._auu.owsa-i±%aat^^Itarac_tenst;cs. Thedev^Inpmentofa new,
-in,proved r,euuor, diffusion based detector system is being investigated. This improved
teciT.' ue would-rnri..m. a.....,^iv he used to determine the axial moisture concentration profile'^

c""" ^,,^ :n y ^ AYSS .. ttha iec^ irni..t.. .. ^... im,irliteiw:s^srais ""• - te^^a.. q .^::actc.TRlttt-` - y.....

- - levels, is inserted into ciosed=bottom LOWs.

--me^7.ttterrcrf_I^1S^Fl^NF^m-diffiiRiri is in-e$t2balSlled-t?thilOlOoy. The technique

^^s-a_neuiran_si,;;r^ and^ne dr=mere neatrcm deeu;or:. Inc t;,ermai neutrons reaching a
detector originate as fast neutrons from the source and are slowed or absorbed by the
medium. necause hydrogen atoms are effective at slowing down neutrons, the detector
iesponse-is-a-strong- function-of-Lhe-surrounding-moisture concentration.

s°
eneral ^ac,iremP^nr_nfmolgturPcQtiCenui(ion ?rnrinri tiurlla.- .....,.

«si_ng neutron diffiusion. The first method, Le moisture gauge, has a short source-to-detector
. .. . ...-- - s cmg On ^^re Orcer ot u i--"tiresourczis Y-lace<; t;, a ,,,, g - the aetector) to 6 cm. Thei^ a,^u„arn--•-

iesponse of a_moisture gauge is characterized by an increase in detector response with
- _ iAae

r,
flf»^+YsbB3 a

•hod- -`=#fib,i:..si:Y^ v.S,u,aa,ssn :,iir'.3:13n0I tne'ttr^E3t^d:1S^^I`.e(^.fif:.:^ti^=̂ i.nffd,Ticu,via, the

neutron iog, often has two detectors with longer source-to-detector spacings (20 to 50 cm).
The deteetors it a neutron iag arrangemeM exhibit a du;reased response to increased
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moisture concentrations. The-deteitor i;iaced at t'rte sborter spacing is used to correct the

rE-sncSnse ofthe-lon$Er-sDaced--flet€£tor for hnrPhnlP Pt4PrfCborelwle

-- - - _ ._ _ .
. •

>...;--____-- _ ___ • _ ^ __ _ i„^ -^'r-}^^-^a^ ••
. 1.

^ne sour^^to ae^t _^^^spac.l,s Vl LL.^ ^usung prooe may be adjusted w
i
th the addition of a

source extender. Computer modeling of the existing neutron probe system revealed that, in

b The rnrnhP will operate as^- ^------- -- ^-- --^--- -its-Cnm.nt c3,^Lfiguratkott; it r°l' lnlds-most-like-a mo-IStl3re- gatloP .^ _
- ^ - Anel{trVn 10G with the 0.ddltton of a

CIl11T/•P PY}PT/^PT

PrnFrfsc7)ttrine Rennrting Period.

Nent€^D^^. ^tsingthe+nwiedge-gain^^b^botil-computermodeiing
--pnd-itt situalld-exaerinentat mPacurements with the current in-tank neutron

]3rtiCfe'^^[SOtl"^y^) pttiwiype mvi$tllre mCa'311reriicnt fieu'u'^vn probes have been

-designedanriaze heing hssenitiied. 'FhVWprototvpe devices will udiize both

thermal and epithermal neutron detectors, and will allow for both shorter and

.. . longer st1IIrCe-fD-&teLtoY-SpaCingS-th85t the-CUHerit-in=tar9k-p"'obe. in order to test

- - -- - - -------- ------ _ -W I LL LYalu4^c
.
^T^DIOtOtVITe DIODt 5; a[eSt 4= 18 beln% SCt lip.

The effects of annuiar air gaps around LOWs on moisture sensitivity continues to
be examined. Studies have included modeling and visualization of the

interrogation of the probe as it scans through material interfaces surrounding an
L{3W: These st^Idies are leading-to -at•.-increased-understanding-of the TM^; ^̂fiY,TP.,

--- ----°--------°-°`--`- . - - 1 . • 1 r , 1 r .• 1. 1.

.Y.. .

----"`- - ----- -----•°^^^^nlc-'z-rrrcinuut} 3I SCanS oD1alnCLl IIDm SeVCIat IeIIOCy3Il1SlCL'dil .

---- - ----- - ----- --- - ----- -- ...-..:-.-'^i-£^Y k'l^S p<^Fr.LpaW-to^=CS*d"he._feFlsiitilitr of deSigning 3_miniature
•-^
J`t{

--S.rpV mp2JS-11.PmLLllrl.ll.ll\
P^^ ^Pll«*

V̂
^ probe for deployment inside a small diameterIIVYV ll- - - - WmoI

well, such as a penetrometer. The study demonstrated that a limited size probe

` ^"1 .efCaufl^uc^iKuc^tvru2pl0ymCnt in a pc,.cu..v,uc.ler to measure moisture--- -' Cr '0

concentrations in waste ?vllles- not equipped with LOWs. The analyses were

performed for a well with a nominal inside diameter of 1.25 inches; however,

the probe eenfiguration could be ac#tusted :or-other geometries. The results of

-------- --------- ------ -----------this-study-eoulsl-alsobe used to develop a smaller neutron probe to fit within

relined LOWs. The primary technical concern associated with this type of probe

is the feasibility of developing a small detector configuration that (1) exhibits

good neutrom seclsitivity--for oDtainingWnac^rifte-*noisture-measurement; (2) but
is not sensitive to the high gamma flux environment in the waste tanks.

hniV^ that it is feaSlblC to develop ai eSllltS ofprehmlP.a.ry-Compllter mnririin ao showed.

smaller-size-neutron probewift-thPdesired- character?stic&-of_high_molsture

sensit;vitv and sufficient gamma discrimination. To match the moisture

-neasurement-accuracy-of the-existing-iir-tank-neutron probe; -the-lengt,h-of

c.ounting time-would- mostlikety_havetobeincaensed. Approximately 30 - 60

minutes may be needed to scan 10 feet of tank waste.
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A modeling study has been completed to compare and•assess the impact of LOW
moisture measurement

°.enstt',vi of the-prototype prflbeZagFiffei 19ft Jhe^1hree-mOSt ili wriani

factors to consider in the sele;tion of LOW material for a neutron moisture probe
---are (i) effects on the moisture sensitivity; (2) expected detector count rate; and

(3) dept.h-of interrogation-into-the3titasr.e.---T-he-comparisons-were ttlade-for-LL-'Ws
of identical thickness. This siudy showed that the LOW material type has little

-- ---imp3ct on ttieselactors for an epithermal neutron detector probe: However, for

. ---- ._-.--- - ---_- ia uv:i:lnI Yvuiron det.^,tdr probe , the T(1W mateTlal is ex ected to have ap....,.,.. ..., .. ryPe P
significant impact on the moisture measurement sensitivity, the count rate, and
Lhe ^^.ge of inieirvgauvn of the probe.

= rigiire_42-shows_ the pzedicieti_response ofAhe-current in-tank neutron probe to
Ln.crr.^c^n ob moisture concentration for several LOW materials. The predicted

are szgmfrcantlyhtgher 'than for
_ -.

^illg l^urr$nY=S`oSl7st1i4ate-^^SS=t ^#l^tS. Y35gt1eYzGl nltlnw rwiPC rria _ni"_ 1r. nuatityo _^' __

data to be obtained in shorter time intervals. Figure 4-3 shows the results of
Figure 4-2 with the changing detector responses normalized to show fractional

a r nea-iv.'.tf: L^.•'t0.O0
'*^'_ i-__innc^eas.. = r ne ^s^!.I ,,.,....,ing moistt;rt^ ^rteentriivrl. , l,o siUPG of

this normalized fractional increase is equivalent to the sensitivity of the probe
response to changes in surrounding moisture concentration. The LOW materials

- ---- - - -- --_- -- -- - ^ --' -- - -- -corresPona- ing to steepeŝt C6rVes in this plot'oUid provide the greatest moisture•--- --'
sensitivity to a thermal neutron probe. Among the modeled materials, the best
sensitivity would be obtained using aluminum or zirconium; however, aluminum--- - - -
would not be compatible with the caustic environment in the tanks.

The radial depth of interrogation expected for the current in-tank neutron probe
.--into-^O-a'tc4rttnlSt,lrP-fli^p!^P_.-Naries--sltgl!iuy..wlu! i.Oii' i!!aterlai. 'iRue

approximate depy,t̂lr̂̂ of,, dinves`agation forthe probe ranges froin aoout 40.5 cm for a
st..AP..I_^W 'a StEVi:;-^3-yt^^2

i ^i.A7 ^•n^ khn nn!v^o t_h1C1RIP.Cs

LO`W, the plastic and epoxy-based LOWs should allow for a slightly increased
^^^^° of ^•^^-^^^ ^^ nuPr matal T QWg,

____. _- __ _____-__ _____ ___4'L•Lb•G.!d4 4ll2T.Fl:/p^^^:. ^.^^

thicioless of the LOW affects the probe response in a predictable manner.
- - - - - - - - - -- -- -- - Increasir+g the 1,OW thiclmess for all-mater^.als decr.°ases "e probe sensitivity to

changing moisture concentration- _For_metal LOWs, the-detectoLcountrate is
ted tg.;^rvrw,;,^g;l"aKGre^sin^ t.OW-thickTl^s^ For the pl^stie and epoxy

LOWs; the deteeter eautst rat2 is expectad to siiglitiy decrease with decreasing
LOW thickness. The hydrQgenEontent of_the plastic or epoxy LOWs acts to
ncrPawe rne baseline count rate for a moisture gauge thermal probe.

`lrademar_K- Of h. 1. duYont- de Nemours Xc t'nmpany
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Fi oore 4-2. Model Predicted Detector Response to Increasing Moisture
---
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Figure4-3. The gredicted Fractional Increase in Detector Response to
Ir.;reasing Moish=re Cor.reration ;;r ^ecera: :,OW Materials.
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=Wi°i^-Er-w+ia-i 1

-- -- --- --- ----- -- - _ ^T-=- _-_- -Fd snFerrnccnnv_ The University of Washington's Center for- - - - ---- ---- ------ - .
-

st'l:.^.^ of the- - - ---- -- - ----- - 9rfu`¢CC- a5inlVtiG1-f'r .s istry (^,-^-PA^)-12as .omplPt.t^a -^- ^ - --- - __°__°" ----^---
mnishlrP wit-optj^I sCattErlnP

J°,^ililr^^8-(^f^633t ,^ 1993) r'mmnPariSon-SI11Q1PS for tnr?P C1ilP_L'-.tr8_I re^lon5

(visibie, Nrx, and mia-mfrared) on a 24i-BY-104 saitcaice simulant, indicated
.....auu ^a,..lc ...ll...,lp.,- -- ^ ^^ti=*a AN^#...+.^•i l̀y all.,-....,- -----^- -- ---- -- -----f^'fat the . -vradu^"d=-the-best tTO^ .....,est (one^regto^. - .L,,.

parameter) calibrauon model. Over a range of 0 to 20 wt% moisture, the NIR

calibration model predicted water within a 0.5 wt% limit. Issues such as
^ ^particulate siie and matenal matrix changes, are being explored in the Phase 2

^_;e Yhase2 wtirk also ;treludes a full-scale-demonstra t.i.n.,.n. .,..Y.,_prnari_..m.ent that
• ...,. Pe....:t.a:l.. ... 1....L ennln

.

-----^- ----^----- -- ---- -------- --. _^ndiCdLGJ 1G6Jlvllll^' at L6111^ .1lr4lY dimensions for non-contact sensmg

q /.f-^^ ^f^- ^ ^*^^ with a+^^Ar optic probe is being delivered to-A-JpeMLLVIIINLMl J'JlVlll nLMI aavv

Wp 1
ngh^

¢^ ^ ) .^}._ _n /^}^,f r_lCVII 'I'hnninnin^_ .̂ _
T s^va;.rl (Zll ;;ive o1^ ,JLWp The f/LWl 1.1LLJl. rla^^^LL- b'] r lRl]VL6l

integrate the CPAC NIR calibration model with this system for a remote probe
mnisp1re sensing system. Non-radioactive (cold) materials will be used to feature

test this system. The remote fiber optic probe system has potential application in

hot ceils an& with in siPu waste tank-penetrometer systems.

a_ -- rSAr#r -3+" • c 4 ' Rnn>rthc fi-nr_Xp- wniiin to- - --- - - - - ---- -`:^^is-*̂t'6i3^41^-.^o........ ?1i111Qn t[_sY2f^1r1.- --- ,...

_ . VcoinDlete the frnal development, testing; GII^^^'LL ^^lrOLr1b-^f:^°LOµVII of a prototype neutron
diffusion-based moisture measurement system will be set up. This laboratory

----vrll allow-necessary coittsolled eXpermental measure,ilenw to be made as
.desired.

A-two or tliree detector neutron-probe-wiil be-modeled-to-deterr:line-if-a puised

teutron _ nn can AAi^'`^t¢:....i ^°f:..° °t.^urw .w.....JllQl LILV11u6LLVII aDout the surroundrng
n',ed'ilrPt-1. - Tk`° °ii°n!'€^'tiGn af, and compenSatlon for, air or li^y iid-iillw Space

immediately surzounding tlie LOW will be explored. The use of an epithermal

neutron detector to eliminate any effects on detector response from the presence

ar"=aniaiown aniounts of strorg neu^on abe,orbe.*s in the tank waste will be
-----@Itamined. - TeStin'b' [Gdetermine--t.he- rE&ponse- of probes-tomatrnal infrrfarrc

will be pursued. A simuiant-more representaiive ofthe neuuonic properties of
wa_ste will be identified and used to obtain probe data as a final

- - - - - - - - - i.nr4- ^nr fRP l^rrcrlte-Y'tiri`s^mrirnn YiloLOn QM0VY
)
model.

oe- _..... . • '.^l:i tX:Klt:tsiaubt't be^^3a'fZr^'ifi^5',r'Si^Ftt„ LC- -
. .,. . . .
^tnoated Wd w• arV for coid-fe'ature testng-will be iderfu ed - A re-poit on

. . .. ..
r^ rl

.
and 3- i .....:..i..m n c ^.l.wru iv-Cp`A€>-;^r....^.ez lll„l,lLLl^ m^nsr.lg reasiorr birshed ana i'llase om

work scope ontimizing the calibration model will be completed.

-- - • Problem Areas and Action Taken. Simulants, neutronically equivalent to

-- ferrocyanide waste, with known moisture (hydrogen) concentrations must be

a^yuir`cd ror-ftnaf'tegtin$-and-carrGration. ifiorUer to-correct for material
• .at

be
..^..d..d :

-inlioitiogei'teitieS-arYt9nd `^lk,'-^.OW,-v^Xperitl'iefit$1-resuits will uc uccuw in
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simulants arrangedto-model anr?cipated-mar?rial-geometriesr These results will
------ ----- -- -- -- -------- ---- ---be used-to-ccnfirm modelinr rP.^^^tts for a few selected phvsical situations and-- -- - ------ - ----

moisture contents. Potential simulant compounds containing elements expected
- - • . . .. .,- .

and
. . .^t • -,_ ^ ..a ^,^ ^„a ... •W^te nave been taenitrtea ana thetr neutromc roP Perues are

being modeled in order to find suitable moisture waste simulants.

The apparent observed effects of nonuniform LOW boron concentrations has led
_ ^^ rt" ^^^rt„°;^" : ...

- -- - Lnat^neALSeS2t-s3ntotlitore eptcne_rma_i detectors sh0uld'oe

pursued. This should eliminate the measurement uncertainty from this factor.

_^:^ ^. c......^
- -1rL1W1.VLG ULALUJ.

•1 9I,
19

fL'f- T_ _1 ' •ApsU o^; 19 r..,a:^^a r_e motsture monrtarmg technology suitable for
in situ moisture measurement. A report, Moisture Monitoring of

.. , ,
Fen^}aniax -Ta -r: An Eis t:asioa..^ - ---^----------- - -------- - _ , i of n.^o:!'M..° and

-Mr9r'-r_P-A658)T w3Spub11Gly-ieleased jF=April _1993 s'lcsenm at al.>

1993b).

September 27, 1993: A comprehens:ve neutron probe moisture
measurement pwf ;,f prir.ciple letter report was completed on schedule.
.. .--- T:e =r:; was subsequentiy ieieased as a pubiiciy available report in

-- - ----- -------DeCe?nbCi_199.I -(-1h12tson-lyy1).

December 31, 1993: A riser survey for insertion of new LOWs into
ferrocyanide Watch List tanks was-compieted-and a report assessing the
eiiects of LOW material on the sensitivity of a neutron moisture probe was
-i^^unzvu x.uwuic ^avuca a»^^.

a.^sr?amC.^r_^fl__^^`t{:-Prd^^il^L7CK1ng ProtUlyp?C1gJ3trOn nrnnr cygtwm- °- - -° _^^^^..a ^^. - - p....... .,

-- `---`-^-- ---. _ . ., .
ror moiseure ircomtorurg wttn doaumerrtauon.

- September 30, 1994: Complete review and design of dry well van
_---_ modificatinns as reauired.

Septamh;r an^looc: Completefirst phase of neutron moisture monitoring
insta-i ia+do.n. and :nt+da+w monitoring.

September 30, 1996: Complete installation of neutron moisture
.uvuaw.u.b vYu.Yu.va.a.

iebrua:3^ 29,t"s^94: -- i:omplete the Yhase-2-$urface-monitoring ir,tererence
«..a..;^ ; . ^--------

SepsfLLber30-3904:--------------- . Initiate-a-phase-3-surface monito.inv rnntrart ande_-,......,.......
.na,i,ln a rur.nrf

^I1V^14V 41L,^/V1L.
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September 30, 1995: Complete surface moisture measuring development

wON& and ;n-tank demonstration.

September 30, 1996: Initiate installation of surface moisture monitoring

equipment if demonstration is successful and if the need is warranted.

ceptPmber 30, t997: Complete installation of surface moisture monitoring

cvctem.

^.L/^y^,,., e 'a_ ^h,i^^ta Cimniantc= " -4^3- ^'3 Claa^atFoil and -C.-jlil^t^tCT3LaH'v"l iitr-PCSi"btij C

Ferrocyanide waste precipitates-arefieing preparedan&anaiyzed to detertiune Plie

composition, physical properties, and chemical reaction properties of simulants that represent

ferrr,cyanide waste stored in SSTs. Theanalytical results from these simulants, along with

analyses-of-actual tanlewaste saanplesrwaste tank-mAnitoring, and waste modeling, provide

- information to chatacterize ar<y-safety conixn-Is Of the Sludge in each of the ferrocyanuie

tanks with a great deal of assurance. The results will also provide a technical basis for
-- "---ITicafPtv mracircPC to he:. _ iaK^rS ,-^`2'r-decrslrotis-vtrapvrornaie^a^iivns nauriig tiv 4'145tF+^-41 4^^4'^_w:.__ __ __ ' r

Ferrocyanide USQ; and (3) eventual resolution of the Ferrocyanide Safety Issue.

-;°^..
of^:.,P waste s!mulan+^twtthout radirractio^=spectes) ar^be1ng11^ed=it3 reprtisent the vaiacir va.^,^

waste produced in the mid-1950s and stored in SSTs. The wastes produced at the Hanford

U Plant are represented by ^T Plant 1 and U Plant 2 test mixtures. The U Plant 1 waste
simpt^st FQ r q¢ntF 41 ^,f-44 batehes-a.'ad the [? Plant-2-simulant represents 9 of 59 batches ofr--------
U--Plant-waste. The average U-Plant-batch-volume ivas-about 2;300,{)00 L-(600,-O0Efga1).

ofiie"r nine'baiciie§ off ^^ian'rwaste ^ ex^teat tU"troe ieiiiiiyaarriac ConcentrtdLLGn
^. . . . ^ wui uui6etli+^Rtilaiof U Ylant 1 and 'lJ ^iaFR 2:- t^ test mUiture representfftg these ba^cuca ..a„ not

be-pr-epared and teSted.

.,
r
a = - : -

Farm-_-=-=The fii haun tlaissshee^t wasre (,n-_r"nur , arm tanks) is represented by in F1 and

..------ T^ -Fa^n 2^^st=^n_xtl^rec:- The in-F,arm 1-test ^:ixt:re :s representatiye of one batch (expected_.._ (^ `

• .• P- TP ^P ^ ^ ^^IYf'ilrnT llaS(. `Lto have the g...at..st rerrocyam^le=cotFCeF1#atio^o i ^Ythe - __. ----^hes processe+# in we

- 1359r: In Par tr 2- is :egresestaf^ e^^1-i*itg n^^`'=arP rrrxyadllde_coAr.r.nfratinn hatr n,5 of
the 29 in farm hatches. An average size In Farm batch was approximately 1,500,000 L

(400,000 gal). It should also be noted that six of these 29 scavenging batches did not contain

any ferrocyanide, but sodtum sulhde was added to enhance precipttatton of 60Co.

., -T=Piant -simula.:, was prepa.red for testii,j.- !o--rep.re^..ent the six T Plant batches produced.

An average-sized T Plant batch was 2,093,O0ri,-L (354-,000-galj The T Plant ferrocyanide

sludge is stored in three TY Farm tanks.

Tj=r^ei"aSil^ei"i+S S^e5iL5.1^41 ^t^a,tk]aLpF7£P^Se;.tlsyd :n t!]e--^950e were maAr in Lhe....., ...

laboratory scavenging preparation method to provide waste simulants representative of

1it_e.ce dhanaei are as follows : ( i) the - solution concentrations were



__ - : _ _ • "r: f ..3d}usteito>#•^lu:iGnttrite ata11:^=3ROle,wu00,-, tu=^_. nitrate-, to account for Rltrite buildup- - -- ---
__-_ _ - ---_---a `--_ - - - • •---- - 4Yer ttFn$fi3C 36t4SteSi-_^ Io ^IS-33 flYtratP, QIhr_35fa3teSin^u,a,,.s LI I ria!w for

characterization do not contain radioactive isotopes present in actual waste, because of the
dif+fcujty in working--with-r2dioactixe--?iaaterialc;-and-(3ythe-setfeci-waste-simulants frott, the

-= - ---- , -::
iabbraflity-icavengifcg pnmeSs`wcrr. cenaiiagea a3h fbtce cYf - 1. ,Sw graviues (g) to mimic

.,ia..+ in ..e.;,..a

-- - ------ ------- --- •Thy=mt31St2i^...^.GR^nt offaTMn_r.yvanirla e.lnr•jge iqve._*y--Impolt2ntln-tlle-CxOtherIDlCTeactl0n..v -
behavior of-ferrocyanidefnitrate-nitrite .•nixtures-when-fe:ICeyanide ispresent-at

--cOncen*_*auons greater- than-8 wt^'^ disodium mononickel ferrocyanide. Studies are underway
toeyali,arP the m0,sn^*e retention properties of ferrocyanide stmulants to relate to posstdie
waste iank leaks, tank stabilizatiott by-pumping,-and-possible-evaporaticsn-from-exposed
surfaces.

aD#'8
•

•Rg
• _

- i2IIS^iCyaaun.•..^ueu
n.•n1e.J

irf
f ♦

-----------------.----^-=-=$_-'^s- 'tRn^-^a4pfs^3- -PPlBs.==^^- .wi^ief--:elaTPIant

simulant fractions and supernatant were determined. A suIDmary of chemical
-.,-----` ----- -- ioID ^ ^ vaste • nfe.., !k !! V!nnf.., 'i'..VIana4si3Uria. ^;: uncti-ierroc} .^3nt^*e ^.s^intt^la ,SndPo . .W...^

--- - - -- - - - - - --- - --in Farm) is presented--in Table 4-2. .*.f0isture d^ n.age, retention, and
ev-aporatiQn behavior tests were. continued to evaluate possible end-point water
content of siniulants for postulated tank leaks, stabilization. or evaporation.

Dried T Plant simulant contained a stoichiometric excess of nitrate/nitrite and
^1,S--wt%total cvanide_in the_hnttoID_fraGtlOn_an(14,4 wt4^SOtal^yanldG Alhe

top fraction. The fuel in the T Plant simulant is much less concentrated than in
the In Farm- simulants. The cesium content of the -scavenged supernatant was
^ess-thal0.1 ppm.

Table 4-2. Analyses of U Plant, T Plant, and in Farm Ferrocyanide Simulants

t D,r_P^ Tj Piar.t 2 i T . Dried T PlantLned In Farm 1

I

I
!'nnstituent-__ hnttnm fractinn bottom fraction top fraction_ ..t-

Weight Percent

Pound Watr.r 2.5 5•4 - 3

Nitrate 33.0 29.0 19.8

Nitrite 7.7 8.1 4.3

Kp
f

n ii
Y

. . ^} ' i..^ •
- -------

1•1
- - ^!' - -- ' -

(^
---

-- inei!, ovuu:l
- ^----___.-_

» ^ - 1^ -]]

.de___ =:':ss^^r^tng all mr,!^rrl^ tPr<^^y?n+_de is tsodtum mononickel ferrocyant.
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------------ --------- ---------.-------?^eta ase c^ntirssiu^-^^+atan.,;,,P ,.rt,P at,+ry,iAt-0f-moi8ture remaining in the
----- .^._,..._ a

as
- •"- - tRa^' of-9%1^tt^ 5u< tf s, ^ ^,t̂ _:....._ :,_vent df^^ ..siinuiatzts ^: ^^ ^

pumping of liquids for tank stabilization. Three types of tests have been or are
°' - -•

-oeing'conducted: ti) a iree nowing liqutd-tirainage testusmg in 'rarid'l top

---fta*^n.^ixsuu?anr.a_^6Y}gratn:A°.ph:?Grr^ts::Fgi (1)==ntnfi_6vrt^.ctawl.ll-Op_.n

in Farm simulant; and (3) gasAdd.Adr ?nnoe 2t-gynvitr f07ces41U tn 1Q(1 cr on
: _,,

Ou tn tritinc Geum,--- ----- -- - --- - ^ v^^LvIestF^SnInFaTIn=SIinulantSf]gu
_

Ty° ftee tlQwina]ittuid-drainagrte,ct.-haSCEnL l'3ed i$ d5:ont}^g.-/^ 4 jn:h°_ -__- _.°_ -- -------- - o- ----

diameter column was filled to a height of 8 inches with in Farm simulant and

allowed to gravity drain. The initial free water content of the simulant was
_ ,^ .. ., , . . . ^ .. .^.. .

--- --------^^ ^114-^a. -E,'^OHI$uZJiI..^-^IZ3YI^f1l^d[S^Iileil=dIt^uj(L-LWrIW_ 40->7a4E iIIuii.aLc that u C

fi^tZ filn^-#it8^#:i-eav 8'i^atcr iviie3':t vi about a% lx+t', 1hioure 4-4). Ltquid is
- - - - - - - . _ - _ - . • - i ..-^.. .,i,..... . . . . . .

COii'^inU1nQ to diau
..
t vc.v from this matenal with no apparent termmahon

•'° ^°•°' ^;h2near futttre.-SomeFonsolidation of this simulant has been
o^se::ed during the test.

^Fio,xre 4-4_ :`rWei htP€ri-ei;t-of-Free `ri'ater RetTiainutg as a Function of Time .
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Scoping, vented centrifugation tests conducted at 10, 20, 50, and 100 g
----centirifugal forc^with-In Farnisimuiatit-on a friftea porus media 00 µm sized

openings) resulted in final water contents of about 48, 47, 46, and 45 wt%,
. .

^T'msid -- - -
. .

enr
._
nes a r

_
mat

.
^vatCr oo^^te

- -

^^
-

t which t
.
s above the mmi

. .
--- - mumwe'^

water_required_tn preventgragagation of the most concentrated ferrocyanide
- -- - -- - ----------s':',',K.L13^:t:=r:'''s^^li'^'tv ^ ^".,'-^?.m-Rd--bnf-nVt-LnRnsurwi-rr•h'ese taau.

- - 'oisture retenr,on iest- us,ng oa
--
Q nrP.vQures on loaded Tempe cells have been

- - -- - --- --' - - ---- ;;; _....
oonduc ted for pressures at iv, 1 5. iw, 1iti, .iiiil, and 5UU cm of water.

r^^-Wad^^ of simulant was observed and repacking of the simulant was,...., s,.... o...,.. .,. .,.
_° . .

- -- - - -- _, pEi ^aernae;sa-eaes^cd^. -. S;Pt)?P.t ofaLfEnballlInentha3Ilo beeE! rP,3C}leQaCtS:p.T..p
° - =-fiIIar..,.. .nrPC but an'n'iiinnal testjng is underwaY at higher pressures.

viodeling anaiysis of simulant drainage is continuing to evaluate ferrocyanide
^^ ^. -'---'--- --- -- ------ -- ------- ^IldQge-W$teS=7^lSJ =t!CY^Yy_i7l_fit, ^ nr_. rn^w^rl Jlmlllate3 flow of a

hjggLy^r^}'*ratrn S,nikStiGani3f RiSralE£^4ts tl3rtl'tgh^. ^1tiS^{f'LatC-0 PCT.^us
mediunr.- Lam from the small column, centrifugation experiments, and Tempe
cell tests are be;ng used to estimate the hydraulic properties that control liquid
fiaw î *^P k .

^.^ siudge.- .'ig^1rC 4-3 shows water ^°matning-as a.*6nC'aor. of time `or

-an $ feet de^aludge la^;er. The model indisated-that Lhe slud^e.. ..,,.....^"^d sti11b

a^ii.^+rs?a ^ :eeseti cdc:- "sf3^T Lt{i y,^i y?arS-4?t

- - -Figure 4-5. water Concentration at the Surface of an Eight Foot Column of
Ferrocyanide Sludge as a Function of Drainage Time.

rr%^g^l at_
^
rCI(i•^C."fIl
lA%^L
VVdL
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-- -- -"I'estsarre continuing to deiermine the amount of moisture remaining in the

simulants-in tL.e- event of-a- free- flowing-drair.age; -such a,.e a t.ank lP,a._ti or saltwell

pumping of liquids for tank stabilization. Three types of tests have been or are

^Iitg^-n-d.̂ t. d ^rainage test usin^ In Farm ? top= -- r̂̂ ^^ ^?o^r:i.^g }iquiti^^-° . ^
fraction simulant at one atmosphere pressure; (2) centrifuge tests with open

ended drainage at gravity forces up to 100 g on In Fazm simulant; and ( gas
_ - -^- on 'p::ssure tww uu In Farm simulant loaded in Tem cells.

------ ------------------- --------.-als--frM_h3^1R;nlj^r?1Tla4? tact
has

^nntinnPA ,H months. A 4 inchLVUL UUU WULLILUW 1^z^'

ddiameter column was filled to a height-af S3nches with in Fazm simulant an

a^sowi; ed to gravit-3 GT^irL. ^'he in:Lial free water content of the simulant was
.i.-c._Y (.'81•ecv:3iex.•£foA_S from

'. .

t £ira.CBd
-
t^.
A

3tC IP.]f,at..t^ f^ snn.s^irrrl .z?yd - P_ it tiew!
T inLld is\ ^----------------- -------...----rclnaln3ng-Taterlfil ria3-$-water-EflF.tent-£^-3bout-4'? wt^a- / .̂ '̂ g.. , ,^nra d^l . ...Y

---conunutngto-draxn verqslowly fro,rithis-matenal-witlrfio appa.cnt termination

anticipated in the near future... Some consolidation of-this simulant has been
nhservell dnrine the test.

- -
F g;zri-^ a.-Wei-213t- peIc:nt <}f-Free Wate^Remainin^ as a Fiinrtlon o^lme.
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^, .. t..,,'in °n cn „na1
------ ---- --^^------=*^+iInaf=diiit^=£giefr'l^lig3t7:lutP_k^: -f=_]_! wS•.^l^ at a.i, ^.v, .iv, and iai g

.- ^ _ . _... . _ _ .
___-_-^-^^-___ ___ _ _^____ _____ _.-ron--n=aa 1 ^.u. 'i1STn. { ^ p^tienrnn f^M°A^3n?S-}np^i° !1n m "i•'°`i

ti-^eT_Y'^as-2"^ttal.1_^^ eoaeavss^i.=se= ^^v µua oaetu

-- ----ifp?d1irESl.I^su^11Y^1i1^19t'S^r contenS vf^ont ^t 47s^ri4 and -"r i'r%tm;

respectively. This identifies a final water content which is above the minimum
------- ----------- --- --------- ---water-requirPdtenS.r1*'tiqnof-the-most cr.n.centmtm fe:*ncyanide

simulant. Consolidation was observed but not measured in these tests.

Moisture retention lests using _gas pressures onloaded Tempe cells have been

conducted ior pressures at -lv, 151100, 2200, 300, and 3uu cm of water.. . .
Consohdattorroi-atmuiant- was observed and-repacldvng of ttie stmuiant was
performed as needed. The point of air entrainment has not been reached at these
pressures but additional testing is underway at higher pressures.

iviosieiing-anaiysis of-simulant drainage-is continuing to evaluate fenocyanide
sludge water loss if allowed to gravity drain. The model simulates flow of a

L:
-- • • - • - 9-_ i.a:..Y:.: +--------.__--^-==-. ^ =Palgll3r=f;'v^ti8`v'nt.a:.:='^i.hitYt(337^-t^'d+.^''-^lts ui:vuguauuwcuia:G7 Porous

=mediFt.Ta. =Data-fr43m-ft-smalLL'olumi},{;enfri#ugolOitCnpe'AICia°.nw, and ^ieiupe

cell tests-are_being used l^t esti;nate the hydra^,lir_. properties that control liquid
flow in the sludge. ;%igure 4--^shows water remaining as a function of time for
an 8 feet deep sludge layer, The modelindicated_that the sludge would still
-contain44wt;. -,water even a€ter ^00 ta 300 years-of d.ainagc.

37: Wa:o.- ?, N.iaht- Hnnt f nh:mn of
^ "ttCle'rfaEe^o-ta,A - :. _ . . . _ a.-. ^,<.^.....

L`..^..........:a_ ol...l__ __ r..^..:.^ .C ll..:^... m...__--<_...------------ _- ......_ -.
.^:iF,.. G :-:«.--...... ...-... -.....-_ - _ _ _ __- --_ _ _ __ _ . -__ _ _- .`....)......... ........a.... . -L1Q[Ild^'C 11:lIlC

Wela^lt

PprcPnt

V - - waier

•r
Y ears

- 0 ----:w ^^..M 300



= I.i..^ ..' „. „ ,. i:..., :

{iliT/` T.T1 f1A^/A 1 ^
11 R\.-L:C'Rl7 /'^-1 1

Tests are continuing to determine the amount of moisture remaining in the

simulants in the event of a free flowing drainage, such as a tank leak or saltwell

pumping of liquids for tank stabilization. Three types of tests have been or are

being conducted: (1) a free flowing liquid drainage test using In Farm 2 top

ssw:-S1^tRllant$t^lneatIPOSF1^lerP^ pr^uLCr(l)SeTIIIIIll^P ICS[S Wl[il ODEII

ended drainage at gravity forces up to 100 g on In Farm simulant; and (3) gas
,- „_- _: __.,-_. ,_ ri ,n Ta.mnP? rells_ ....r_ _-_.pr°ssur: u s[s on rs}-£m:tt 3:i^iuinu, ae^se^.. in -

The fine-flowing-!iquid drainagetest-has continued 19 months. A 4 inch

column was filled to a height of 8 inches with In Farm simulant and

- ----- - -- -- ' - - ^11^•MCd-t^3^r&Vlt^dra.ln_-4^!!C-j!litjal _t"re.e water cont.ent nf the simulant was- - - ,
53 aut%--Calculations-fromthe measured liquid drained to date indicate that the

remaining material has a water content of about 47 wt% (Figure 4-4). Liquid is

^nn^ifiuing to drain verp slowly from this material with no apparent termieatron

anticipatecl3n-the-r.ear future. Some r^n^olidation of this simulant has been
..l...e....e.1 .7..^:.... 46u Iuo1

...... ^ ^....^

vv3G1YGU LLullIIg WG WJL -

Figure-4-4. -Weight Percent af-Free'JVater-Remaining-as a Function of Time.
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----------- ---------- -------- ---- Scopitlg;veuteo-ceritrsfagationtestrcnnrhTctedl at 10;-20; 5(f, and 100 g
ce2ltfltugal- orce, 3VI.h-Lq-L!a!.rni cimi^iani nrl a rrittea voruS media (30 µm sized
]l..bu..^.-. . u.rtE^ =ae»lr in final water contents of about 48 47 , 46 , and 45 wt% ,o-i -- -- f

--- - -- -- --- -------- ---------- -- ' . .. ., a_.n ........_ t _ h p miTimnmr^c^ttY'el}^. _This^den$fic3-a- aui*aisvaic^-CQFt ^PI WhiG.. -i3 abOB the ...............

water--required to prevent propagationpf the-most eoncentmtm ferrocyanide-
siniulant. (;onsolidation was observed but not measured in these tests.

_---___ -Moi.stute ZetelitiAn-AesiS.Lming_gasptessures-on loaded T^mpe Is have been
^F^ssr"^

__^ ., _ .
..: s s^ a Yr:aS:l1-GS ak 4:li 15, 100, 26kl, 300; tlQ JW rI^ of :71?tar.

Consolidation of simulant was observed and repacldng of the simulant was
rrned as_neeied. The ;joint of air entrainment has not been reached at theseperf6-

J

-- --------- ---- ----yiwouaw vuauuiuu'n testil•[gY$`-nnUCI41'ay at 111gRC7 I7ICSSUICS.

-Modeling analysis of simuIant drainage is continuing to evaltiate ferrocyanide
sludge water ioss if allowed to gravity drain. ine modei simulates flow of a

------- v--GOttientrat = ttQtI-o _YS]tf2tesalt5=t11roUgh2n=LLnFaLUrat_rn mrn^ic

:..ediu.:.. Data from the small column, centrifugation experiments, and Tempe
° :: :_ -•--"' ---' ^` t;en tesis aie eing used to £sfim^ e^tydr8ulh° pYOpeTfiOs that t-'uuuul ucjulu

flow in the sludge. Figure 4-5 shows water remaining as a function of time for
an 8 feet deep sludge layer. The model indicated that the sludge would still
eontain_4Q wt% water even after 200 to 3nn years of drainage.

_--_ --_-EigtiY^4=`^-='z'ater-ioncentrauGsi nt-3nr ^urfac^-_2f an Eight Foot Column of
Fe-rrocyanide Sludge as a Function of Drainage Time.

.̂
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,ini/l r,l !lA^)A_11

?riideiir.^ ro"„irs are ^i)t±wntatlV^b> G1u^ Coi1SO11datIOYYPi(^SSS^S 8nd
- a^=

possible evaporative loss of water were not included. The present unsaturated
___z.^...f^..... n! c, rre m•st ^- a •' 2i } 3 a; 1 ri ^- r^,^.131hR3 r1b'ns - Df1flrwH°r 4i1if^6°

^A,IM ^'*y ^u¢at the=surface if exposed to siuficiently low relative humidity,..
_ -• : _ : ..

at the ,,.,^^-- --1-'`-- ---- -- -gaSeS. IIIIS moiYlrlYl4gStuQy Ylianot-conJi £FJapDPdt3on al ulc aulaw£C if ICIdCIVf,'

• r^_ e __.-.^.--_
- _-_

...... .... . .. .... .. ...._... _..-._.....P^,Yi[ai4rn, io ^..o.. ....... .....^.-.^ ^....
ac J .wJ-uaw. uu.m.........

---- - Free water aasorotionidesoretioil exven:iie;its were performed by Nuclear
'' -

vvnc on t;i:i;;.. --n -Farm °2 top flacu
.
an st

.
mulanY(see

-
-also ppenatx-- - --- - Y.,...c ^c.....cs .r.c.

C in Postma et al., 1993). About 1 g quantities of simulant (containing an initial

53 wt% water)wereexpoSedi*I£ontrolled humidity rhambeIs to 30%, 50%,

75 %, and 90% relative humidities at 25 ± 1°C. The simulant samples exposed

af^fT%; 50^0, and 75^o relative humidity (RH) all lost weight. The simulants

- retained 4.1 wt9b. 10.6 wt%, 31.3 wt%, and 65.4 wt% free water, respectively,

at equilingum respeLriveiy within a 96 hour time period. The simulant exposed

to 90% RH 4ained-36.0 wt% water at equilibrium after approximately 216 hours,

- -- -- _additinnai adsorptionidesorprion tests were conducted with the test material

- - exposed to the 30% RH and 90% RH atmospheres by re-exposing them to 90%

and 30 M :^= atmospneres, respectively. Cumilattvc wetgnt cnanges were
ours220-t:iai=wIa^-ofih^ nriginai sample forre=exposure-to 90% 3^` ter

and -51.2 wt% of the original samp-le-for re-exposure to 30 wt% ftH after
Ao ti...._.,

o r^ _ .: _ iiinrinmnrornr r . r-.: • • •l
-
^;ese test resuit^ tr.a.catr-;ttai ute ^uaaa aaY.Y Yw. .,ontent or the stmutant i s

-
• L..^ ..O.L..

----------- -------- ------ --------stlongl^d^^ndenLOn^Iel2tive-nonuul^.y
1J:.-.

of the exposed atmosphere. The
. . ,.

^a... .n rnn..1n 4n= t r ^sr e i ....,
then} Ilig & ia.t€14 .8 6e^t2diPi3EE{ t

..
^-aaete^Ire-:wucrs- w-s;.Y:e^^.,.-^ .

`- " equiiibriurn water adsorption isotherm of the simulant on a dry weight basis
__-(r^yTn drying at 120°C for 18 hours) as a function of relative humidity;

lo¢(wt^ water adsor'oed) = "v."v22io(^aicci^ - 0.03246

Much-of=-theferrosyanudP si»dge stored in the tanks is covered with a saltcake

layel'3r has '-:Y"'n-.evel2bove tlle 31udgE leVel witlY the poSSibie exCa;yuvns ofll6J 6 la Y V

i a atn_stabilized tanks: 241-C-i08, C 111, TY 101. and TY 103.
Humidity in these tanks may be measured at a later date.

- • Planned Work for Subsequent Months. A ferrocyanide waste simulant based
.

i)nCharaG[eIIzdi1Y1n^^C^231f`3riKi4T'd5te-.S`c'tfiipfeSwlliDeTicpaicu; anaaV2PA, and

_---txstet# Simt;lant dra^nage-aad ^entrffugaticis ?ests-will-6ontinue. T! e effects of

reiauve humidity in air on the ioss-azrat altsorpuon-of-moisttllre wilite-evah>aled
-----

under geometrie conditions representative of the SSTs.
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A test report on the results of the centrifuge tests will be prepared for public
--I ----rrreasc.

A report on the three methods used for drying the ferrocyanide waste simulants
will n°c prepared and, issued.

----i"----T1LUiCiLL [1ICi75 iluu
fAia.uuLJ i^lifcL. i`iVile

1^,l:l...A...... QL..a..^
^ 1^1LLW1.VL0 UWLYJ.

- :=Ma€^=315 k994e==lssue, a=;eltert.=available-to the Dub'•i=. un the ev^ataf.i^n
------------------^-------'--`------ ----of`t[te'u`ue8 wn"sic SilTiuidrudryinK llc'u`iudb. -

^a,^°,.^^i; iiiy: isSiic a reptttt, available to the public, on the eLIBCt of

- - --- -=^vA^'u£Flatrfinn.- PwT :$^„°^,^
♦ -T.`9"^..-"-^...^...'•i^^nP.3i^b eh^-- --- --- ----- ----- x^^..^^-,.a,_t - ^s;s^i^ueae a:lu_anee.

1
.

Mey31,12.44L _Wue-axep4rt,available-to-tlle-public,on the chemira1 and
-pt3ys:cal-properties-of the T- P-?ant-ferrocyanide -waste-simular.t.

September 30, 19514: Complete drainage tests on ferrocyanide waste
^si,rrnui^ifits-ariu-issue-a^uoncry:^giaoi^re^ort on modeiing and moisture
retention by ferrocyanide sludge.

-- ^eptember 30 , 1994 : issue a publicly available report on the eifects of
-- ------ -- -------- -------=r$3at;vS=hL'dn:^ii$ji on=8u€f2..e-::io:St'1rc r;.t:n60il in icT^ocyanide tanks.

4.5 CiMvuCAL REACTION STUDIES

"The schedule for the program on study of the chemical properties and explosive behavior of
the waste in these tanks is indeftnite and does not reflect the urgent need for a comprehensive
aiui -"j.1ifEit'ive-asse,s,Stnellt 1!11te prob4bilitY -nf 4tViolettt chet113Ca1 reaction. Tlle S------ - - tudy shauld
be_e.xtended-tn othezmetallic compoundsqff_e-rror-yanide that are known or believed to be
^^tagr:l-ata:.^u l:"^". u^ tN^, s-£?f3Glt^}f7tt rG^?-bl -Q^^rtlIl.?.e ::S tfs?=Ek-_I(Inns of te,mnt-rnrsere^

.pi,,-: ,.^.. ; ,._ -.(. .^:...» - ....:..y.a2'E°a2r'i''vr u-ra u cscmiCu^ riuiswrc Wi.n wu^wn isiutuc.

^nernicai reaction studies on ferrocyanide waste simulants are being conducted by
A!P,stLr^bt'etis '^u^iar5! t+oLl*^•yJ^rp^ Lof-r-^^alDOfrNatt411al ^b.1`r2ti:ru ^.STt!=-t and^"'-- -- • r ^ .-----,1
-Washington State University: - 'vtiestinguouse Hanford Company and P_ 'L have produced

-=----i...w'S{ieetSi:TiiFia:t^Tatcria{s^-'7_testin`^q aff'^1iiai"zlefi^,riiation.---4na^`Y 1i^^, Liaii completed
___EhPmirn,l _rea,„=rt^nn-pnµitiyi^rte$tS-oR-f^,r-rocy3nide-waste silnillantss to idPntify wh3t stimuli

(eir.phasi..^::b-::u:tu ermmai) ts,ay- cause-a reaction to-occur-1Cady 199Y).--FAI-is-conducting
^iabatis caic^ nu, and propagation tests on these same repticated flowsheet materiais.
Tho RAT crn- of -i'orl<-waS-L;Xpandvd-l:i-F^'-_1Qn'i-_to include selected aerowl studles.
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J'.5,}_ ^ha^^ir^nl Ra^a`fwnn ctii^iiPC at Parirlr Northwest Laboratory

Chemical reaction studies are continuingat PNL using flowsheet simuiant materiais: Waste

--smdies addressine DNFSB Recommendation 90-7.5 were conducted to determine (1) the
----- ------- - - - ^

aging effects IIf-mors than 35 °years of sto.age in the tanks; (2) the speciation of cyanides

€3und in actual:ank waste; f:5) possi•hle=micr^r,,,,onvwuon mechanisms that may have auowed
-- -----___--T+;vi ,.tggf_the- ferrvrvan_ide shldaoP with caustic solutions added to the tanks at a later time;^^.^-

---- {4? the influeneP of chemical interactions and physical changes on the solubility of sodium
and lesnll nickel ferrocyanides; and (5) the reaction kinetics of mixtures of sodium nickel
ferrocyanide and sodium nitrate/nitrite.

..
ys
..

*ss`
• -->nu nK -p . - _^srrrr,.1•m _ nr•r.-^_., a. r.•nvraae n.^-a_-.... _ _____.- - ---

Aging Studies. Ferrocyattide- di-ssolutiotranrtitydrolysis screening studies were
- -- -° ?m'1 rzuinrinu tha - nn^rt^I-u+it fJ nmPnts rnndiirtrL^t St -oC to1<1-lOand ^P^ ^ •- ---- ---------

.nVesiiga'c^ tijz vcnaiivi of f£r;CeyaPdde maCen }is that -may not-;]aVe been

- - exposed to-higkpH waste: -A sarnple-of dried in Farm 1 simulant was contacted
' '^ +' l...CF .

sv,.fia pI^ 10 ca-b.,na^.:-^^f ^r-solutton for fcwr we^ks-at_ C in a gamma field
of 1.43 x 105 Rad/h. Sodium concentration in the solution was adjusted to 1 M
withlYaNO3. An identical reaction mixture was heated to 60°C outside the

-- ---_-----= gamma field as a control. - Ammonia concentrations observed in this experiment,
-forbot#rtl!e ^onireiand-irrl^iated-soiutions, were two orders of magnitude less

tha;?^^^s^r^a1 trr2 pmviuu3ily^roiysa^^tper't^nent coneucted iR 4 M

NaOH, The formate concentrations measured by ion chromatography (IC) were
also much lower in the solutions from this experiment. The control supernatant

c,1^*^^gs=arld con^in€d-no soluble i ron, indicating no dissolution of simulant
at pH 10. The irradiated solution showed a trace of soluble iron corresponding
to 0.2% dissolution of the simulant. Little or no cesium dissolution occurred in
Pithrr enlntinn---- - -----------

The analyses for NO3 and NO2 in the 4 M NaOH and pH 10 solutions were

consistent with the amounts initially added. The NO, and N02 concentrations in
^ • those --°•-- from dissolution^he ^_1b1 ^jBt^H^An2rD1 gxp^rimettt were usSentt` y uiu^c aii^iuy

of the In Farm 1 material, calculated to be 0.301 M and 0.100 M, respectively.

However, a net conversion of NO; to NOZ was observed during the gamma pit
test. Similarly, the concentrations of these anions in the pH 10 control solution
weretite smtte asthase-added:-heTesuits or the two sets of experiments are

-.i :.. T..t.lo A '2
- - l.o^^l{lalNl lll laUlV

Additional zxperi,ilents were conducted to investigate the solubility of
Na2NiFe(CN)6 in caustic containing cesium ion. The purpose of these

--------------- -------------------- -----expeIi2rtellt3'cY%aS-t6-f1et8r1Tiinc wh"c`uler i;caiuTi ion exchanges with sodium to

- - - --- - - ----- ------ - - f i h e/(`hTl. factar than the '_ - - -- - - - - - - -- - , - orm .nsaub^ Cs;NiF,,^ .,^ Na,NiFe, N?^ will tsso ve in
Na01#forming soiubie Na4Fe(CN)6 and insoluble Ni(OH)2. Based on prior
observations with cesium-containing materials, CszNiFe(CN)6 does not dissolve.
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^v ^nitor ngsolyble irgn attd_suluble.=sium_i_on as-a fi}nctioattf_time_durine a

uissoiiitian expenment, rates for tbese processes can be obtained.

In the ^:.^ _̂ exnerimentc performed, two 50 mL solutions, each containing 3 xM. :K^ _..- -'r-- - ---

10--'--3<. CsN^3Yo:.esontaining 3-M-NaOH,_ the 9thez4_M_ NaOH, were. added to
separate flasks containing 1 g of NazNiFe(CN)6•NaZSO4•4.5HZ0. The cesium
concentration-used-was estimated from tank supemate sampling data. The
reaction mixtures were stirred continuously, except during brief sampling

-- - - - =ner'ods: Soiution sa;..ples were filtered and analyzed for iron and cesium by
atomic absorption.

-Qbl11-4=3: Solution Analytical Data for Reac6on Products from Hydrolysis of
In Farm 1 Simuk'lnt.

4M NaOH, 90°C
r

i Ai.ai'vie --CZ7ntrol rtJamma

NH3 0.0109 M 1 0.0938 M

r+='E1^ f:^v15 I t O;Oia ^i'

0.288M 0.146 M

NOZ- 0.090 M 0.252 M

pH10, 60°C

----Ccmtroi Gamma

2.88 x 10d M 1.80 x 10-' M

A
0. ^^39 M I_ 0.0021 M

1.063 M ! 0.937 Al

0.102 M 1 0.216 M

fFe 1,675 dF:;: 890 ppm 1 0.57 ± 0.68 ppm 1 4.34 ± 0.41----- - --

Cs = 5.1 ppm 8.7 npm
-- != i^.^i ± i.i^^pm } -0.5^^ 0.56 nnm

The results_of_these exneriments were compared with earlier data from
dissol^tion of ft_vendor=sffate::ai at _cn 14 and data from dissolution of the
In Farm 1 flowsheet material, which was precipitated with cesium. The data in
F'ib,ere 4-6 show that, wit.hin .he accuracy of the analytical method :;r iro;., the
eoncentratiorrof-base-in thesetrighly-canstic-solutions hasiittle inimence on

^ :°^ .g.sa ck t3'tP. '-;rEPP-u i ` ^ _ r, i :.n f z:ontlmnee ^s^^•_^ ^:^. U.a_ - f 3 h f M as^r: also d^. ,^IC. x_.^u. ac.^ ^
-= diSSolutlon _r2te._ Fi2ure 4°7; howeser; show$ ihat -.YSiµ:.. is .apidly incorporatsd

into [he-SOli4-phase-for both-experiments=-SYit:-about-Yl^fa-inCOtY ut°.d ':^it i.^, lU

min. Future experiments at this cesium concentration will employ a larger
solution volume.



r. 6. :. ..,.:

.^%,,'Ik:"iY-U4i4 ai

--_- Figure 4I. Iron_Concentration as a Function of Time.
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---------Cyanide Spec^ttio^.- ^draft-analytic^l-procedure-for-t_he-atetP*nl;nation of major
-c^^nide^^g^i.ei^C^I', Fc^Civ^6 , an^i Fe(CN)5]_i1L samples of fertocyanide- wastes
h^¢-^u d•e^je1^^!, - The -tnethods^m lo"ed are b'^, on Fourier transform- -- - - --^- - ---= - P, J^ - --'

^ _ _ - - ^ _ .- • ;;. . ^ .. . . .
-"`^_--_^°_--_---`°-°-------`------>?tir^^^rC1^COfl^t._lt.r(^_^t[u_I^:. ^EYETnifiETr(1Cy?niQZ i-ma[BY1813-WGre

` anaiyZai u^nig ^« uraft anatyticai procedut^ and zotai cyanide anaiysis by a
n[acrfl-^15'ctllanon [c 8[kl [le z o[313;P/ ^. i ncrc wS3 ^; •_... - • • • ¢ q̂y f̂ . . " -) " eood agreement between all

----- ---------- _ -^1'^.^^netl3ods.-==7^-rep^it=$`.jrnl[t'^.rl^flb ^=^i`r^o^r^.`-waSt=pubii^.iyric°'^co"aqi ^.I113

^ ^ - - ^ - - m.erfnr lRn.on oh o1 1001\y..o.wa ^..a^.ua ... oa., ^.._-___ ._. _____. ai.a

In preparation for evaluating the anaiytical-procedure with actual ferrocyanide
waste tank samples, FTIR equipment is being installed into a radiologically
controiied iaborratory. n radioiogicaily controlled hood has been assigned for

_ __.- ._._. _ ___. _- __- . __thii^4^ck-^nd-a-^s^_n:^e^e-wcy^~ ^^^ ^^^^ :^^^^n^a-- ------------ °1° ° b Y b J°`^ln IIQJ UCCIt 111SldlICLL.

-- R1lcreconeecffiou Model:..^6. In FY 1994, efforts will concentrate (1) on
- ^X'[3anding $ 2-I} tr^aI1sF9Prrt tnf7del devci^pci 1aSt liScai year to accommodate

multiple species; and (2) coupling the t.*ansport-r.aie svith an equ+.libriu*.n
---- --- --- --------- ^hemis^.rv-,-model. --The e^d goal of the modeling studies will be to quantitatively
__- ___ __ ___-__- ___ ___ pr^ict rhe ?mo,^nt of ferrocyanide that could have been solubilized and

-subseyuentiy removed from the single-shell tanks from the fluid convection
-- __- __- ---__--- ___ ___- __ me^IlanISmS t^lat Were idetltlil^ last fiSCal V32r^ lIl^se Sd?I1vP&tion meChanisms

-- - - - -- - - --- - _ - -*ncl^^bu^!ya+!,;Yided flaw caused by^iadients in temperaia7e and fluid
chemical composition.

________ __ __ Aliteratur^review to_determinelhe^est approach for snlving heat and
______-__ --____-_ -_- __ multi-component reactive transport for tank waste problems indicates that an

__ _^rg[3rith.^. ^ieve:^^ by N^^ ap"^ars to offer the best approach. Tnp
------------ -------------- ----- -------^'^^fferEnCe - ^ onS F!!aL-resnlt--from-t.hie_al nrithm ma;nta;n thr c aCe-6meesllla,n g-_-_.... .............. ..._ ,.p

- -----' - ' - ^-^hg-'°°iF:^ Fl-:^^^`C;^: d•rr- . - ..• . . . . . .
-- --- ----- ----^------- ----- --IIt`J°drI^TICiT:=C3i uu. vaibuiaa Yaauaa uiIICIenUal CQU3t1oI1S an uS mmlmlZe

- - - - - , _ '. __ ,----- ---------- --------- -^-------- ---nnmerlcal-Ltl>•Ylls>o6l=wh1S,1L-Ulaflues.cnnvrnt;nnal cnh^h^^ t^rhniaues for-- -- - - -., . .,
_-_- --__- ---...>_<..___^-_^..__ . t__ n ___..... 1 r

--- witSeTGaC7GY5' ".-^ n^'arguriulni wIn-reqnlr^Zr^Is^ieirv^fion oelore n can be

^ - ^ - ^ ^ ncwA fnr mnrlAlirio cinala-chn11 }on4c
--- --_-- -- -__-_ _ ..w.._...i^a..a.......a^ b'"`_ -_ _. .-u.u..._.^.....^,

s^drk was aiso started on modifying the fre^ energp minimization code GMIN
. nn\ ... • - „ . r . • • . •... • ld_.._

__ _ __._._-__ -__. -_.__-- __, e Y Y 7tfJ^ w.i;ti Is a 4L1Qe 187 SO1V1nE c'^iiP^Tl'dF^[-^QlniiiiiYUm_uluuu^Tis, i'ile

^7^:1V-&•^.ie-?^-i^1rT^'.`€tly €er^.^ ^^rx ^^'+^„^^ 311Ft3t^^37t2iF[It and [i'i[[St ^ -r at'3e [no@t[i"cu

for use as a subroutine that will be called hundreds or thousands of time in a
^ ^ - - fMnCNn•f cimnlOhnn

------------^---^ uuaauyva. wuauauuvaa.

___ _- __ __ --i __ _ ^ - - . • C`L..^.. O 1..L•I•L_ '
f j'>?nofEr`ratt^Sohil'iihfy o^uuy. ^uiuuili^y studies are being conducted to

-- - inves*^ga^w t.he solubility of Na NiFe(CN)6 and Cs^NiFe(CN)6 as a function of
_ _ -'- `__ '_ _ - _ _ -_- ^ s ferrecyanide (*or the wlubility of Cs^NiFe(CN)a), Na-ferrocyanide (for

Na„NiFe(CN)6), NaNO3, and NaOH concentrations. This information will allow
' ^J:^a:^.. _C i6 . . . .^eui^e---- ^^l^l o^ ^lie tnfluence of chemtcal interactions and h s[cal chan es- = Y.._.i..^ -- - - P Y B
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nn the concentrations of these materials in the soiid and the liquid phases of the
--

-__ ferrocyanide tank wastes. To obtain these data, the solubility of NiiFe(CN)e as a
• t _•_- ^i•!H

^une
__ 1T- T-//\L ' ' • ted^ar^tmer lyl^.r^ or r^^rc^^..')

i
s being LnvestLga

Ex ri1 ents -hav'e =retleaie^-ttat-tIl€ ^3a113tPYYity ^7f- i'II^Fe(:;:jb :n flatn :::iiZ and

Ytfia4Fe(CN)6 sotu-tions is simiiar at three day and 18/19 day equilibration periods.

This 3u«wty tiwt th: A;sSO.uuflnld,:°.tiCS of Ni7Fe(CN)!6 are rapid and reach

steadv s* te cor.centrations in less than three days. The solubility of NiZFe(CN)6

^. --m-pn in .. nhilitv in tPrmc ofYn Nit>1, ,:t! aws
. L aL_ en;;_-_ ae_havior^r^a-t ^uh:r_h- the sol_,.., ,

. . , _ - P . .
and ^__

$oYn6le-3ratf. T1rsL-fleCrea.ic5 alw wcu lilcirea."^.'S wTtlTprogP83StiPeYyiflefeayiflg

"irt ^^n^entranons. In contrast, the solubilit of NizFe(C^6 in NaaFe(C-- - - z Y N)6, in
L\Ll.l WIIY

terms of soluble Ni, shows a dramatic increase with increasing concentrations of
rra .rPlrtv^.--a- -^-•-•^°•

v ray diffrart?'on analyses of the solid phases in contact with these solutions after

59 dayc of eQuiYiliratiort show that Nizre(Ci\ ^R was the only identifiable Ni
t c ; at ••^ ^^^.^IC'Nl, The solid s from the^ontatntng=sv3d t,.^ple eqil^ba^ s=.:L,.1^.G. . . _ .,v: The

aamnlea-annilibTatgflwith hiCh N1Clq ShoWed evidence of Ni

_.°n'.3bstitution-for F°v:.n. the °nlill°

-- --------- RPAetfiou Kinetics Studies. During the last quarter of FY 1993 studies were

conducted with an accelerating rate calorimeter (ARC) to measure Arrhenius

kinetic pa.ratneters-aitd tadeterinine the-titeimai=:nenavior_of_mixture.c of sodium
---- --------- ---- - - • • and

. .
mllwya^uuo au nttrate and/or nttrite. The mixtures analyzed were:--- - - - - ----- -- -- - -- --- -- ---- - ----nickeY

'7

(1) a near-stoichiometric mixture of sodium nickel ferrocyanide and equimolar

{ry .l, [ , :ge^^.^nel (^)-^n^l^ ^m=n'rlrnl fr.^'Nanda 10) fnlrl

man exceS^ of S(^iltn'i ttl te: J/ JV41U111 i1Le QC_-_ --__ -:.- ^;3cle^ks:s.,,...a}.., `^ra '1••• kel ferr yanide and a 10^

fold-strra.^hiorcietric exeess of sodtam nltrLte;- and-(4}-a-10 : ld staic.".iameu^c
. . . .

excess of equimolar sodium nitrate and nitnte.

iiann^ F1-Intxture-$hoL'ld exhibit L^°° gr°.,?.!°8t reaction rate, becauseitfc ^

it lras the least ?^?ea+t31 of'nert mate^ prP,-ent to absorb heat. The studies using
an excess of one reactant were performed to produce pseudo first order kinetic
behavior. An insignificant amount of the excess reactant is consumed, making

the reaction rate dependent on the limiting reactant.

---- - _ _=- An=ARC-test=wasoerfertr,en}na=^ 5-^ ^^,l° nA ° ^ear-stnichinmetric mixture- - - !s ^^ +^-^ --_T _.- - --
--otsodtum-nickel ferrocyanlde-arid-equtmolar-sodiusn-nitrate-and Tiitr•ite using a

,.,._. ...,...tesiperdture-stelrof 50C, and an-exotherm-identification criteria-af a°Plf-hPat

rate of 0:01°C/min. A reaction began at 180°C and continued at several

d ffeF^nt self=heatine tates. '1'!;eiLtitialreact»on siowP+ a coupie of kimes before

- t_hermaYrunawaybegan at about 207°C. The reaction beginning at 180°C is-
- - --• - -cc^ i ^ iththe iamA nrod̂uctt̂on o f̂ The - ---reaction b̂ ^ nni v------- a oc.ate^+ yV. . ._ gases. regtng at L

is characterized by a drop in pressure, suggesting reaction of the product gases
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either with themselves or with the remaining solids. The pressure begins to
inrrPacr aoain when the mixture self-heats to 227°C.e^..

To obtain activation energies (EJ and pre-exponential (A) parameters in the
Arrhenius equation (Equation 1), it was asgumed that a small amount of the
reactants had been consumed at the beginning of the reaction; i.e. zero order
kinetics existed at the start of a reaction. Based on this assumption, the least

--- ----- -------------^ ------- ----- --sQYlares-tTietltod-]Yas-JSs?^^fit t.he-iriitiai ix_fiiions of the reaction curves to the--- --------- ----------

equation-having-ihe-general-form-presettted in Equation 2, where y= k,
m EJR, x iiT (with i in °IC), and b = ink'A).

e mw
_ ._ __.-_- _ •

k-- - -- - - - -- - - -----------^ - --.1.......,.. .

---._.....-... . ln`Jl ::;X--±--U - EQUa110n2

- Table 4-4 shows the results of these calculations for the ARC test. The ARC
'_^fn>^_nit^e mizh:re in^i^te t.at an exothermic propagating

reaction begins at about 280°C. The pressure curve indicated that gases are
being-produced-in the-absence of an exothermic reaction, which suggests thermal
decomposition or other endothermic reactions. At 240°C the pressure begins to
z'trop-rStpidlY-inEticating fas-Hhase-iea'c_t'+''ons or gas.olid-3eai^tit3ns----Oiice the

---------------------- ._. e..,..^.e^... . . . . .
1^accQn4e^?n,^_gt-280'C.-the-Dressur^3r.creases-raptdfy-tn-cn....nrPrt._..

]vith-the_reaction.nr celf-heat rate.

Table 4=4. Calculated Activation Energies and-Pre=Eeponentiais for
-ue1ect-ed-Rt'.acuM uwp,°s.

-_ - Ct°'t Tu.nTlPTanlrP.. . A• _ a•_______ E.

- : -; - .-- -- , ly 7

800 3.5 X 1090^°-
-

210 110 69X1010

f 270 t 190 9.1 X 10"

The thermal behavior of the mixture of sodium nickel ferrocyanide and a 10-fold
stoichiometric excess of NaNO2 revealed that the nitrite mixture begins reacting
-exotherinicaliyat 210°C; compared-tt'2$0°-C-foi'tfie-nitrate mixture. Tne imai

_.
at<Yn ^ ^'` ' m ^te Ritrite ,y,t'wi",t C^sL^.9 at 2JU °C. Companson ofi^g g 'tc+ ^

the two,s7stem^1ttdiCated.tllltthe_nitnte -svstem_is-moTeth^rtnc^l!}' s?ncitivr than

.,^_..
°v
,.
uil*is riittaiea"y stcee:. - fue prvsSurP -C:trve again - indicates that g25-pl'a;P, or b

..
a°- l;3vi

---^ - ^- -- - - - ^ ^ - -- --_-reaiaionS occur prior to the ex0[hermtc reaction step.
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--- The thermal behavior of a mixture of sodium nickel ferrocyanide and a 10-fold
•-- ---ctnicfiinme+nc excess of an CQuliri018i NSNU3/NaNUZ rtlliituYB YCVea1eQ that the

first observed exothermic reaction occurs at 195--C, slightly earlier than the

^b.. ..i:itrite-Sy3tem: The S2C3C1c^=.°x€tl'eiIt'1c FEaGt o^ 1S ob°e YCL^ at 220a(' avain

= lower tfian the nitrite system. I'nis 3uggests that a system containing both nitrate

and niute is slightl,_ more sensitive to thermal initiation than a system containing

^ntv-^ nitrate or nitrite-

-

--

...s-Mniv,.'.ca. a,^..,a. The ..^:^g atndy radi------ -- -- --- - - --- - ------ -6-- ='^1&i^IttE'^ ^?''S.t`-li ^^Y'--.,
g,
.36S2^S€an: c_•^ o yS1S and

hydrulysis-experi-ments-will be-continued using the. most reactive ferrocyanide

tlowsheet simulant (in rarm 1). Temperature and pri will be evaluated during

-_--_--garnmapit radiolysis-exgerimenis to determine rates of hydrolysis under
- ^ - -• - '-- . - -^-• :a.:.x-^..-c:...^....:... .. .. • •

h
., n..

_ pi'oteCtCi'l taYPlfW3Ste iCilt^iuous n^ u:cy cn.sCeU-IOi IIIC yP.^S I7IIIn tCly d1lCr

ferrocyanide waste scavenging. This work is expected to be completed in
FY 1994.

..to-^iasE-'malhrv!r J-....7..__..^• ' :7' nd^
l^z^ 9Ydc ^71'Qg.^Rf aFo y. . a. ....,^. .,, ucvciVywcuc, inC uutng n12 w^ niw

- -- - --------- --- --- - ---soluhon-IRme+hodsr will _e.nntinue until the validated techniques and procedures

can be routinely applied to samples in the analytical laboratories at both PNL and
VyWnghouse Hanford Company. The studies will include the determination of

- interferences and^corrections or work around that may be encountered in
developing analytical methods for actual waste samples. Completion of this

. . ._J L--.L.. -_a ..Onv tnnA
phase IS expcx;Lcu oy the c:tu of r i 177^.

Microconvection modeling studies have been expanded and information that
cn_ritains keyphysical-dud chetnicaY-propertiesvf waste as descabed au-vve for

^Y 1^4 will^e assembied. Tnis task is expected to be completed by September
an tnnn

--- --- ..-, --_..

• Problem Areas and Actions Taken. None

M'Incfnnn Ctofi.e

.`--`-'-"".--- --._..,-- - - e,._.,.^.1-..f_ an 1(^(^ ,^ t_.in1 sut. n +6u F,nol l]ATT n..n r rn^hlt.r,r' o 1 ea<ro.,d fov s a k.

release, on solution IR and IC cyanoferrate speciation activities and

appiioatic^*di rautine-measttrements in the anai;tical iai nratoa^.

_ September^,1a^44i-issue tiefinalpNL_teport, cleared for public
release, on hydrolysis and radiolysis aging-experiments with i-rrocyanide
waste materials.

September 30, 1994: Issue the final PNL report, cleared for public

release; onaricroconvection-medeiing and- he=effec*w-projected to have
3ccurred in the tar.k ::-ste from this phenomenon during more than 35
years of storage.
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_ _ _ _ _- _ __Septemher 30, -1914z-issue a report, cleared for public release, on
rY 1994 solids speciation development and status with recommendations
for future work and deployment in the analytical laboratories.

September 30, 1995: Complete development of solids speciation methods
using FTIR and Raman, and validation of techniques and procedures for
rouiu'te-apptli;auin. in u,e aP.aiyu8al labordtoIIes. ISSUe a final rep8rt,

c'•eared for public release, on this task's activities.

--- --a_S,2 Ferrnclvanide Prnpagation Stnd-i"- -

Ferrocyanide adiabatic calorimetry and propagation tests are continuing at FAI under contract
to Westinghouse Hanford Company. The results of these tests are being used to help
deterrr.ineif Hanford-&ite-ferrJCy?nidewa$iC wil1-iEnitr- aKd bU;T t0 Sptfav w^^^nA in..^,..^v +ur^ir4

-- additional -vas e f€om a potent al ii nitiqn -poi.^.t; and to determi te he poteat al fqr r.-jr,= ;, f
radioactive species under postulated accident conditions. Tests have been conducted with

-.-°°°-°--°-- _°----d^ed=^S`RTi1191antftT^Vfil'_k8_"_Le=B'df@t'lfE^l'C.t^a"^.`iS0e1$t@dii'itii=Fiffstu^B'te^=^-SpvtaCCidcnt

--_.-==_-i,3radietia7n.°.,.==The.- Pr(,lpẑgst'iQ•ei-v°yl.,nc i s.y is-_̂ - .# pa<<atne^r .!n deter:riinirg safe ĵ-roe'1=?.r]ue-.^-_ ^ces
-'=-`=-v-- -'----sr. rr`-nnl--- -- --------- C -^mg a^aten -`ua ,

^ u[- nirv rr.^- ra n(5nf1_o -^stulated-^n.-; ^_ ,rau- _c-.-.--^ ------- ------ ------nement.

}¢gl^,},gg - ^ P-r fi 1_t : _R= ^+n crtw onirc vn..---___-_• _------ --as^^__G9„1^^..pO^i,zoFis)a 1l'ac.4e_̂.^e „^u^etnrage t̂ ._,_ ,ries and is not known at all

--?ocations; -ranges ef-mater:al compositions-have been test--d. P-_nt work is focused on the

-'-T=i-l.^^.M=arli- ^.'Ye.'M r^i •;, i- .yiimidan« Qlndap -prodt.^-h4rt.^.rr T.'i Fa.^:::.

flowsheet was stored in four C Farm tanks and represents about 26% of the total
ferr<cyanirle^:sed itrthe=l^Ianford=ssavet:ging procesJeJ. Jludbe produ:,ed by the T Plant
flowsheet was stored in three TY Farm tanks and represents about 8% of the total
-ferrocy:iide used-0uring the Iianford ^.^.^venging processes. Adiabatic calorimeter tests have
aico bcen^ni^atedto assess possible organic fuel contributions to energy releases during
farrnrunniAa raartinnc - - --- - -

-2Ftie-present concentrationrof ferrocyanizie in the-siudge is in question because ferrocyanide
-_ = has been shown to hydrolyze in the presence of high pH waste (see Section 4.5,1). Initial

- ' .a .^•^ ^ the.lr-YYF-i°^-___- C:aCi - > _ _ -_ _ -_----_ _--^ ---- -=--$^T5? E=r$SLe ^-of-Ê^-a-̂-̂ ... _-.._,^ ?nu.^:aw u.8t waste totai cyanide concentrations are
at considerabiy iower values than the In Farm simulants being tested (Simpson et al., 1993a,
.^. .:1.

• Progress During Reporting Period. Adiabatic calorimeter tests using the
Reactive.,P sy..^tPn, Screening Tool (RSST) and Vent Siz: ^.g Package (VSP)"__...._..., .....
ealorimeLrs we.e- e3 npleted at FAI or. d::ed T Plant simuant (Fauske 1993c).
The T Plant lower fraction simulant did not exhibit significant exothermic

- -S^.. :.. ^._ . _.,.r-. . .
iuE Tfo3T 1s 3 small SC2te CatOffTte^P d^FAt; the V^r is a ia'rgeY size Calonmeter that

can handie much larger sampies.
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wni,-r,r--vw iy-i i

properties up to 350°C. The upper fraction of T Plant simulant behaved similar

to-+he?3-P-lant 2-bottom-fraction-sitnatlanfin e.Yothermie behavior (Arrhenius type

-reaction): Onset temperature of the Arrhenius type reaction was 245°C in the
RSST test. A peak temperature of 570°C and peak pressure of 3.3 atmospheres

I$$uge)=were :neastl[ei in-:he VwP $.?t: --it€ reaction=proper'"o-.•ies eailbita in

ss •s. - lll....a d^..d ..:.«..ln..} ].. ....
-iae$%I,dl^_t_hat-^^7^-Ts^tt ^Icu 3iliwiauL ia liuri-DIODaFating.

- - _tr33i<,°Fa„f.L....^a=s... _rg3eYi(AtpIulIICtsof fnf^r ^^-^ In-F3rrtt I ^niiwt?i ueat;uuu simulant

propagation tests were completed. For these tests dried and pulverized
Tn Far,vr i Ir.^ttom-fraCtton n'iatefial-ii'as loaded intfr25 niin diamctcr by uv ^Ti^mi..

, - - -----_-- ----,----,-, ^ Y -n4 °tsenyc°o-etaalr^s ^ndc7S. 11 cSc tcnt specimens were1on9̂ by 13^J., . .,. m tl, a ..,, k.,.......,^..
inttvidirii tcstcd b i nittn aq_ ^a. and pi miYture) in controiiedy y 1; g. g g 2( A--
-argcm atmospheres,- In-two of-t.hese twsrw the reaction gases were vented through

--ni=_ tocoltec# aerosois which were also analyzed. The reaction products from-^-rs-
these tests have been analyzed by x ray diffraction, x ray fluorescence, IC,

--Inducti-vely-Coupled-Plasma (ICP),_atomic adsorption (AA), and FTIR analytical

-tfrhninnes•
^----°--i---

Results indicate that si¢nificant iden6fiable crystalline reaction products include

NIaFeO2; NaZ'Cd, (with a d:i h^ut a water of hydration), and Ni3Fe. With the

lttfiY or^-rtitratea*xfnitritewere identifiPa in fhe r^:ct^onex h-of,^ test l, _
-nr!nrte- indira!ing !h^-al? had reacted or ^"^. nm1,^^,sPi hPraneP of the highp------• - - -- - .,..,..,...._

tP•,,1.zPraturEw(> 1^5(1°(`l nrrvinrPrl
.^ °. ....... ..^ Y..............

-- ^ieSGr'rsC^f`w^=afer •.°aC+e ^i-u_s, a•n•;i,Feacft ,n=YroJuct :analysis by x= ay , '^' _ tests, T_P- - - `
iM;^'TI1Z;=ani^r=r'i=ar^^ileesen'w0 in Table ^-.5i. Prilitllin;ICy CVtiilNtions Of tlle5@

- - -- - - tc,M....u l. • ., . . . _ . .
10500C ,

.

-- --- - - .ts i;ldlcate that wnere the reaction temperatures ezeeeaea the mtrate
and ni.Iite-were reacted-cr-decomposed. The pre°.^.n.^.e of sulfite and thiosulfate
in the reaction products at the low quantities measured in three of the four tests

$^-tC ull.J1. iJlWlll.= u^^tt3C^tlat"":^i2'..' fuA4 ^icifci tiliuc wa3 oxi t 1h '"° ^"^`^••^ts. Sodium

and cesium were the major metallic constituents in the aerosol.

l7hefraction of cesiu?n releaLseci-frorrLthe re.aciiong of tests _i and 4 were
---deta.r'et'iined si=bt.` ^-Q-wt%_foI 5^:1°.=6V^C-i.n•t•o J=pffah,ro tnct anA77 wt% for

the 120°C initial temperature test. These values were determined by summing

the (1)-aerosol collected on-the fiiter-papers;-(2) the deposition on the aiuminum

foil;ining (fop, sides, al-td-bottemi) of the reactioei chamber;-and (3) 'uae iwse

deposits at the bottom of the reaction chamber. The amount of released cesium

collected as aerosol on the filte_ ; from vented gases ranged between 61 to 71 %.
•

to C GOl
-^- ----- -- ------- FYaCtionS o2sodiilYn^ IPori;andriiclf^l reieased Var'icd- f7om-2.3 w o.Jro,

n
v.33 to

Ar /1. i OnT'11g1^ Iint^ fLlr the 60-9.f: and the 17,01. C tr.St%



----- -
^

- -- --.-._-- -----^ ^--•----------•---^,----^ ---
YNenght Perce¢t of Pt5palgstion'rests ReactionProliuc;ts

- - - . ._-^
^Aaahyte

^

,Y . .
Test 1 , Initial Test 2% lndEiall

_----• ^ -r-- -.,' ----'-
Tes} '3; Initial Conditions •t•eul:.4, Intttal C.ondliti^ous

C:'onditicme^ Conditiou^s. 150.08» 611°C, fOGS,L?1 ,C„
149.7 61°C, 10 49.6 Q„ 620C, I 3.0 Ali.wn
A.tm 51.7 4\tim
T*-- -- -- - , - - -, --- -- -- -
279.7 3.37 g 20.5 fS 11.1 g; 1Pi1G6c 26;.8 7.05 pl 1%ilitpr 1.9l3 pl 11.7 E,

^
(17ppmr) (Lovrer) (tkpper) (Lower)
--'^'-^ - - --

;Aercnwol (Ulpper) (Lawi::r) ),ke^ntwol (Upper) (Lowre:r)
-. -. _ -.-

Fe ^ 7-3 5.5 10.5 . 6',0 0.32 9.4 3.6 Ct.3(? 11.6 ^ 3.1
---, - -- --- ---•- - - -- --- ^--- -

Na
- - -

26.0 27.0 2.1.10 28.13
-- -- -- -

25.0 22.0 29!0 ^ 7;8,0 -- , 32.1
-r

Ni
- -

^ 8:0
---

6.8
-

8.7_
--

-

-
1.20

--
8.9

--
3.1 --^

- --
co(`.

-
11.0 ^. , 3.1

^
--

-
- ---- - -- --- ^7- -

P . 1.9 , 2:9 ,- ^ 3',0 0_53 2.2 2.8_ tn.56 1.9 2.8

Cu ^ 0:40 0.43 0.75 0511 5.8 0.55 0.75

-

4-.7M 0.39 0.60

NO, < 0.05 , 2.7 <:0-015 c0.05 NA1 <63.05 <0-.05 NA. 0.10 <0.0<2

N`O1 0'.49 1.9 , <Q-.02 <0.02 ]VA --- <0.02 <0.02 1,dA. 0.07 <0.OS2

POc 53 5.4 6.4 8.3 NA 6.0 8.3 ' PdA. , 4.7 8.2

SO4
-

5;8 6.4 ,
--

0.14
---

0.22
----

NA
--

0.38 0.31 61A. 2.4 3.9
-

SO, 0'.0 - 0.0 0.21 0..50
--

NA
-

0.27
-

0.31
--•-
P'7A.'

-
0.20

-
, 0.18

S=D3 0:.0 0.0 0.40 0..41 NA 0.^.4 0.42 NAT 0.71 1.1
-- --^ -1 •- -- --- - -7- - ____--

Al 1:.2 0.2 1:4 0..23 1.3 1.8 0.13 E.2{t 2.7 0.3

Bzt 0.12^ 2^^ 0..08 0.28 1.T5 0.03 ' C-.141 1.9 0.1t --

N6tes: NA = Not Analyzed
Atm. Aamospheres Abs,olute Pressure
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^
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Adiabatic calorimetry tests have been initiated to determine the potential
ar3AiiYrrnal-enerev release -G(3titPi^btitto:tS ir0{it :t)w CC^4tCvnt^•i^ns af Orga^ iCS^^- - o,
which may be in the ferrocvanide waste. Three organics are to be evaluated:

. __.__- - ._ _ - 1} ,^^,},• •^,,,.}vhs-wsFa+seuwSer.n-n
11v+

p
"'°b

••
o
•• •••••^:^ ^^

WLtU
`^
Utt.

^^g
" •"'°'^`

^,{^ p 5'^
8^=pr^Ulln Ul^dl"lll.R

{21sodiuin-stearate representima maximum energy producing organic carbon;

and (3) sodiu;a:.^+a:ate .Yresenting a stable end product of degradation reactions
l.ulin mA fn be .v.nnrrina in avacta tanlrc

_ VYLYIW W W VWU^^^.(., ^u ...uw w...v+.

-I"ontributory energy release for reaetions of thess organ.ies are about 5.5 MI/kg
V

for sodium acetate, or sodium stearate and about i M.T/itgfor sodium oxaiate.
^ ,

-- - -- -^vaiues we:e netertnln^ by t^Ai with appropnate=adlnsstht7entsfor hrat

canacities on nitrates/nitrites in the test materials.

1`^.%or.k for Subsequent Months. Complete ptopagation screening tests
-wittistoichrometnc mixes-fo identify imporiattt pafraueters. Define additional

uaraaieffic-xrd ferrccqanide/r;rgarlicteststtt be conducted ant#havefhese ir,itia3ed

= k hAl: Condw [{3_"^VPt3i^--?afi;£=b^^I398+a Itgli^i=^i^Gi}^eat.:=^^tn=sllge

volume. Complete adiabatic calorimeter studies on organics.

• Milestone Status.

^......
• .

- - - -- ,,,,,, .^a.y ^., 1993: c.ompleted pressure parametric and confined
- --------- -- --- ^ vcLmin^-aPMt39115rrt^'QaQation^{e3{3-^DR-the most rcacuVc

flou+sheet-stmulant-atz'-AI-(FaltskL-1993a, -Fauske^- 1}13b).

' IT^ 3iP, 1993: C ^,p,,..,.a pu, tC^l^r^ rnrnnn^atinn.3u^ Ul}}' 1G}e_ =G _4Dn-T- pFl2t! orltll =..e----
tests and dry out tests (Fauske 1993c).

--- ------- September 30, 1993: Complete report on stoichiometric scanning
I r.a >_.. AT in Alal

sst 1993. TheCa13rm°Yter tEJtB: 7^?.>$ eG rt- was C$
. p}e ^ esJ a

report will be prepared for public release and issued in February 1994.

--------------- -- ---- _---September30; 1943:--Complete-organic caiori-metr•.Y sca^.ning tests. These
---tests werewmpieted on schedule and a report, cleared for public release,
-will-be-issuednext zuarter,

----=--]?ecendrer-15,_1993>-Complete theoretical evaluations on hot spots and
tank waste dryout. Conduct confinnatory tests and provide a report that
supports USQ closuie. This report was conipleted-by FAI-in November

------ - --- ------ ------ n ^nlunnu nuvr m.onrur
1^i^^;--1IEc=Feport=wi11_13i.-c1°'''°u-=47'rp at;,..waauoYaaa.n3-^•.^ ----

F.•:arcu i4, 1994: Complete screening tests of In Farm 1 simulant at FAI

by varying fernocyanide and water compositions to define the empirical line

thatdivides pr;,pagating-and-non-propagating-mixt,xes--k°ost...a et al.,
1993) on the triangular diagram. Issue a report for public distribution.
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iYmms 'a-, i^: -Gomplete-parametric aerosol tests at FeT, if required, that
; .- ,

provrae sanrc^fercnrfor rmurmg= conseqnecices of
;
nypoine

.
iical

hnrnn in n fa"nnlrnniAa hn^
1V111N'WLLuV UU1113 LLl a 1V11W'61IILLV la .

S«;tel::ter 30, 1494: Prosnde-technucal gvaluat:ons and-ana;/ses fro n: FAI
to resoLve_the hot4ot issue.__Issue_a-repott to Westin hor_,.v_e Hanford- ---- - -- -- -
Comnanv for nublic distribution.

q.-*.ember 30, 1995: .,o!nYerw FY 1995 ferrocyanide calorimetry and
nropaeaflon test program at FAI as specified by Westinghouse Hanford

= Comp^ly a;.d prepaze reports, available for public release, that support
-- - resolution of the Ferrocyanide Safetv Issue.

= ==Gtifs =Er=^CY ^S^it^SE ^,,e..:•.^.

"i'3ie-Fioard had recoriuneruied 'that an action plan be developed for the measures to be taken
-- --- - - - --- - -- - -- -- ^"- - °- - ---- "-' • tnd t ...o..o.,.oo ...oZe neaurau;re-cnectaatuonst may stgtta. - by a.atmv.: ' -Auo t;pes of,,

^_ ,^ ^le^ ^snrndnl: its- i.l..^.to:7."s i^s s"eSpf;, •-1(S Zts'^.FTpE .,.6,.„. ..4'i of a f 8Y 1CoittEiitfi, uira iu:uvlu
to be taken J an explosion were to occur. Your implementation plan stated that `the current
contingency plans ... will be reviewed and revised if needed. ' We do not consider that

^.
-=TIZtSpropllSCa `1Ji^¢Fl^^snr:nsrrm;. O R¢ 3 ^'COif Io1ttS adequate ly it Is

recommended that a written action plan founded on demonstrated principles be prepared as
soott as possib?e._that= rloald=respyrd to irdic:.„yn of onset of ahnorntal _temperatures or

----- QAer-Zt.r!usua^IlQt31?bs i.n-2f^J7^nllide-bSnr;no ^nni- to ^^r atni norrenia^t arCWth in6 ........1--^ o•

ha4arsl. r4 separate emergency plan should be formuiated=a,^l--institutedj c^ve;irlg measures
that would be taken in event of an explosion or other event leading to an airborne release of
-mdioactive-materialfrom-thertanks,- and-that would protect personnel both on and off the

===-_t^^7i=^L-^?-'I7erd-bF',IteveSth?t £kerM'u^lft-^.i.=?5.3.$'%L`e ired-ihalu'=c'.^'r..s" isrnninititv is

------- ---- - - - -- wz -- -- 'v^tnuili'r^ai ° sucii 7irr etleru will occur. prpdenee lc'ictates that steps be ta^terr at th7SYttrte- to

prEparE-the--triea>i,cto-mitinate the unn_rrentn_hlP r_evlt_c that Col41d etlsue. °

-...... A C 1 A.dO.... nl.... t-r D............ .. a.. A1.....
9:SCeL--E2i;Llk.•L _-a _?v- n- 2^r^r to a^vrv^mw^ vv.^./^It^ouC

The-Actio4 PlanfOrPx-sporsseioAbmorim?>; Cordit:cris in i`lanford Radioactive rvaste Tanks
;;ordaining r^rr.^qar.i^- (Cash and-Thurman 1991a) w?^ prepared in response to DNFSB

-recommettdations-`i'he-action-plan describes the stepsto be-iaizenif a temperature increase
---_-----tread-above=theAanklernpesg4ure uaseline-is-tneasured in-any of the. ferror.yanide tanks. The

--docn,nt was ,evisuiinI)ecember__1991 and reissued as WHC-EP-0407, Rev. 1(Cash and
rhitifti8n 1391t?) to inCil7dC tlie itt8nitotii'ig-erlterla-attd r'cspon3e$ for abnOrlTiai icveis of

---- flammable and toxic gases, as well as the reporting requirements if established criteria are
exi,eww.
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lso ?ddres-=1 in this section are actions in response to other abnormal conditions that might
he encountered with the ferrocyanide tanks, such as aleak to the environment. Of the

"I ^te^%1rL^it11-^Jn the ;iatih l,.lstr1l-arlwClassitlPd as acgllmeri lea^Fers.

= Fouraf the-assumed-ieaker ianks-have not lseen inteiiirn stab'i;ized. These four tanks and an
--_--------------_---_-additional sound-tank-Skllr€qulre-some.pumpinPtAbe-classlfl.ed as interim stahili7M.

Because this activity involves the Ferrocyanide USQ, S-A and EA documentation must be
authorization to pump these tanks must be granted by DOE.

---- ---- -- ------ -- •-- -P-rogrecs Lluring the Reporting Period. Both the SA and the EA for removing
-----"--_

.
DOEUifipa^ie IIQllIQS irG1Ti lcrroc:yalnuc tanks were SIt mtttPA to DUfor review in

Septesribe: 1992: -Gcmmerits-tvere reeeived-On- the-docunsents in earYy January
and they were revised and resubmitted at the end of January 1993. Additional

-_--s4mments-were received on the SA and EA in July 1993. The EA has now been
incorpotated into the generic En covering work on Watch List Tanks (see

a nA ^ e b c EA w1ra.,^ submttte,.d to DnEll for approval in- -- - 1L.Y 4iIlVl1 V

November 1993. The revised SA was resubmitted to DOE for final approval on

^tltI°eI 19A Iejuest f0i authorization for siaDlllzatlon and_eme_rgency

punmping of the ferrocyanide tanks was submitted to DOE.

...-a cV;...:. ^^laa..̂^°ca^,,Ke• 30 uub^e(jUPnt ^^AnthS -Interlm .etahilt7atinn of the five

=-remainiaafen-r,ci's&L- a,,ks=will_9ro^^afteraurhor:arsonisreceived frolil
^^^ -^ . : ... . '
uur;. Each iank wiu unaergo a readiness review prior to commencing pumping

-_= flperations:= T-he-Novembet i993-subinittaiwmpletmail ^etions_^eqttsrei pr•ic,r to
authorizauon, unlessisvE-requests iuruter-acnon on the SA.--Pumping Of the
tanks will be managed by Tank Farm Operations.

• Probiem Areas and Action Taken. None.

0-_.M^:rh.°fssi.°..°Rvsa...°*{:ue All mil°atnnPq F:a:re be..m.^..r^.mplet^A

_-..---_4.Fi.-?.-ResponSe-tCan-A'u'boaue reieiue From a Ferr,ocyanide Tank

-,-- --- --- ---_-- Ta[^_radicactive rg1=a^ fro,;,_a ;rr^vanide. tank were to occur, it would be detected by onea ._--- j ----- -°-
onmorE-radiation monitoringsystems.--Significant-airbome-m ground-surface-relea.se.c that
spread beynnd the immediate tank or tank farm would be detected by the tank farm area

'd-'^ Ant tn s__- eP mnnitnrina evatwme ar- --- - - -- - --- -- rs:t:a^ton ..,..ec.. I . '?'he . ... .... .... ^. e on all tank farms. The DOE and
Westinghouse Hanford have analyzed the potential impacts of an event involving one of ttte$e

_ tanks; and-have taken additional steps so-that emergency personnel- can take mitigating
acurins=in -a-umeiy fasnion. Tnese analyses resulted in development of the Tank Farm

n^frr^ f 1 lHli
Ei7T^r'gQicY i^eiyuitie S[uauiZaaun "r'iun 1 writi

>n1^^1) it1 ll4arcn 1iyyi. mlinu includes

^redetern:'.ned_ m:tigative- acrions for terminating th".mergenq- pnaseqnd nroviding a
tr^ansitiorrto the recover¢ ph^.se. Acknowledging-that-an-event-could-range from-minor to
major releases, the plan addresses responses in four distinct and defined steps that cover the



Y"rlee-fn`iun;EU"iieflCes: The iiabiiiiu^i:v^1-0 Plan provides quick, preplanned actions that can
be used to stabilize an emergency event at an underground radioactive waste tank.

--- _ - - ---- =---- t-YCiIgr@$SDfifIIl"a+Rf[3oGting-Y@Tav('f. AStlftcd in pi2'viiii5 rBpOftS, all of the
.
...ae..M...... F- 41.:.. 1....1. .....^ ^

------- ----- -----plai^inw uauvawuca ava this u^a wcle a.viupicwu.

^ r^^»_e^y,^ rcros N16^^- ^.ose ,o S^ueut Yldllllql.

• Problem Areas and Action Taken. None.

• Milestone Status. All milestones have been completed.
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^:^ s'^^g.P^q SC;a^nvTr F-"c arr Fcmn^^

=vFwhM''le"s airir5^}^'e-^Dtes^°.n "-iP^ this sxfit3fl.--iliali^ of th^°.

program act:vities have ehange<1 over .e :ourse of tie program and progress should be
tracked against the new schedules presented here. The first set of schedules reviews

--_--- --- -------^{^r^Y=^'99i ,hrn_uoh_ Fi'_ i-994i_these have 1ieen s^^^sed through the period
endipgDAx-emner 31r -1943.--A sttatus-line was drawn showing the progress on each activity,
Actions that have started or been completed are indicated by triangles that are filled in.

_nr> ittdiPatPdhy.nrt?ck^rt' t^r h?; ^•^•t ^ ^.^.";rlP.teAI.

===-^imila.^ay, n^c*Kons which support completion of TPA milestones are indicated by open or

closed diamonds.

-Ihe _seeond set_of_schedules_rw^ •̂ews olIr:,.,^P.̂ r m+.lestones for FY 1994 through the expected-

e€td-of-4i;~N progra.ntiu-FY-199-T - The-sequence and zmicipated completion dates of the major
milestones leading to safety issue resolution are presented. This report will be updated

quarterl-y to track progress against these schedules.
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Table A-1. Summarv of Contents and Status of Ferrocvanide Tanks',

- -Zv^ wS^ic
eCN° eat load

`---°'
aui7iii;tiivi

_ .
_ lana volume temp. Status of tanks"

= I1>^gal)
^:,,a g:..c:^ (,C) (,F)

Ax^102 < 1 2,800 19 67 IS; AL

BXI06 -- - 46- < 1 2,500 19 67 NS; Sound

EY=103 400 - -- -66- s ,Jc^'nJVV 28 82 NS; AL

;iY=1:li - - 4:,4 83 2,700 53 128 IS; Sound
46` 114

G^S,- O,'W 45 113 NS; AL
4"0 iiy

gY=irw 70 10,100 54 129 NS; AL

$Y-1071 -266- 1--- 42-- ---f - ----8,900 - 34 94 IS; AL-

LY-1081
_- -

228 - 58 9,200 43 110 IS; AL
---_- -

RY-110 398 71 6,900 47 117 IS; Sound
43" 1109

- - ,-
R-Y-111 j 459 6 5,500 30 86 IS, Sound

84

B`f=112; 291 i - 2 ---- -- 6,100 -- - ^-29--- ---84 IS;Sound
I 32° 90

c.Ve = VV 25 6,;Xn) 24 76 IS; Sound
I
i

I 29` 85

-- -a -1O9 66 30 7,000 26 78 IS; Sound
26` 78

--- -^.E.- ,-. - - .57 .i -.--3'j-- i -^ -- n4O_- --- -Z4 75 lU;t11,

L1-112 104 31 7,500 28 83 IS; Sound
- - -----^ -^-- - 27 81

1-107 :$i; ^ 5 3 b(JU -22 - 71 NS; AL

------- - TX-118 ; 347 < 3 4,600 25 7" IS; Sound
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Table A-1. Summary of Contents and Status of Ferrocyanide Tanks'.

TaRK

TV 11^^

-
m

l
.r

i-1t}'^i

-- I I-1tw--

^^d' -Totai waste ^
-
enub Ir,eat lnad "'1"'muin

volume '"- ^ temp. Status of tanks°
(1 ^ g^) k1,^ g mol) I (Btu/h)

(°C) (°F)

11 8 2?J z^ nJ./\1V â.nV 68 IS' ALI ^i

.__ -.^ _ ---
1^L --

- ^ no - -- -i-
I- LO-----I

n-rYVi -
- Y^VW --

-i - r-
-I-- 1-

-^n
/V

ire. n
1J,^

46 --- 12_ 3.000 j 20 6868 I IS; AL

• DefleLtc removal of four ferrocyanide tanks from Watch List in July 1993. Tank
information and temperature data as of December 1993.

b Inventories from Borsheim and Simpson, 1991.

' Heat load values from Table 7-1 in Crowe et al. 1993.
--= •.. . . . . .- ---- l __ '_ ^i._ _IniGniu ^,nuliILCU .^ulx, ^ - Not taoutzea; AL - assumea Leaicer

Tank Sound - Ivon=ixzidne Tank.
--- -- - ---^-3'amTwr^t`irac-farnrhr+ri-fnr-n^^y mPrrrirrnnriir^ irrPc



- TablP: Ak 2. 1Fenocqaiirnnde Tauil'c Vzlicrir 5amlpningSunui any
^- =+ a _, . - ^ - --- ---- - - --- -- - ^-- ----^

T^nk [)ade Platninn Org- Vapor
^

Arnmcmia lHCIvUCiJ H[}rdrazjne Nitrous G'as
Sainp)ed ( % ][. iFI,) (P9F>m) (Al'-,m) _ I(PFpm)'_ (pprii) (I)pm)- --- --,- - - - --

241-B`)'-104 10116/91 7. 1 i: 0 3'7.2 , 250, C 2 > 3.02 > 10

-^ -=
10/30/91
-- - --°-

^^^.4 1-C--112 03109/9:2 ..
--
1. o

- -- - -
< 0.2 ^-

-
^ <, s

--
< 2

- --
< 0.:?:

-- -
<: 2

-----T- -
4

03/ 18/9:2
- -- - - ---- -- -^••^- -- --- - -- -

2 1-C-109
,

08i''^'6P0:2 <1-0 <C i
-

<2 <0.:?: <0-5
-^+----- - -, ------ -- ---- --- - -- --- -- --------- - -••--
2.411 -ESY' 110 0912:7/192 <1 .0 350! 61 2' <2 <10- 2: <:os ^
241 1 7

_
107

- --
10/22/92
- -

--< 1.01 -
-- ---

_
-24

_

---
^

1 2C3 ^
-

-- <2 --<10.2-- -
<0.5_.._

,
2:41-E1Y-111
-- - --

03/25/193
-.r+-

T
<1-0

_ -

-
6_3

----

^

- -- •-
1Ci.2:

_-'' -__--

-----
<:2

-----

--- - --
<0-2:
-.-_-

-^-
<0.5

_--_^. -

2:41-BY-112 ,
.

0312:6/193
, ^,

<'1.0 5_9
^

1G.16

-

<:2

--

<0-2: <:0.5

241-BX-106' 06117/193 < 1.0 12 1 i'.+91 <:2

-

<0.2 <0.5

2:41-C-108 07/23/93 < 1.0 1:2 C?- - <:2- < 0.2 <:0.5

24 ^' -TX,; i 18
-

07/
i
2:8/93

---
< 1.0
---

0:3
--

7-•--
1C^.1
-

<. 2 <0.2 0.5

24I^-C-111 08/11/93 <1.0 <0.2
---
2

-----
<:2 <0.2

---- -
<D-55

hMaua:imum reported values for sampling ,effort
Z1High reading due to ainnuonia interferenpe
',Approxi.mation duie to coincentzation earcxding Drager tube range

^?M

:d

4 1 1
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Table B-i. Metric Conversion Chart.

- r^+^ ^FYLLl^f^^ -llfV 1^l^r Out of Metric

Tf-You Know Multiply By To Get If You Know Multiply By To Get

Length Length

i ;;.. ^ 2.54 c, t ...in 0.04 in.

at!4rt ! cm em 0.4 in.

Mass 'wei-h^l g J ^ Mass wei ht^ B)

-- lb 0.453515 l;k kg- 2.2 lb
g - ^ !

- •vniiime -
-vn lume

¢al 3.78541 L_ L 0.264L72 Qal

TeHIpeLULare Temperature

FanrPr KP;r......__. _X^^i,r,^rr 32 ^lsius- Fahrenh ite
' O Celsius ( °C) Multiply by 1.8, e

f p
` " J

then multiply C)
( F)

----- _ then add 32^ by u.^^^^^...
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